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product, you will find that this 
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market and increase its salability. 


Their field of application includes 
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Let us tell you more about these 
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point the way to lower costs in 
your plant. For further infor- 
mation, call the nearest G-E sales 
office, or mail the attached coupon. 
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Mapping of Fields 


N engineering practice it 
is generally required to 
find solutions to prob- 

lems in a simple and con- 
venient form easily inter- 
pretable and easy to visual- 
ize. This accounts for the 
almost exclusive use of the 
“circuit concept”’ as contra- 
distinct to the “‘field con- 
cept.” Although all phe- 
nomena occur in space and 
time, and as such are field 
phenomena, it is possible to 
approximate them by time 
relations only, summarizing 
the actual physical con- 
stants by means of param- 
eters, preferably of con- 
stant value. This elimina- 
tion of the space concept 
has been responsible for 
much of the spectacular 
development of engineering 
science. However, as time 
goes on it becomes increas- 
ingly evident that the small - 
group of scientific engineers 
has repeatedly had reason 
to reéxamine the basis of 
the circuit concept and to refine methods of computa- 
tion by basic work in field theory. 

This paper shall, in brief, outline some of the 
methods employed in dealing with stationary field 
problems, and is restricted to a survey rather than an 
exposition of the subject. The rather extensive 
bibliography can give only meager indication of all 
the work done in this branch of mathematical 
physics, and, therefore, only fundamental contribu- 
tions have been included, selected in some cases be- 
cause of valuable reference lists contained in the text. 


FUNDAMENTAL PROPERTIES OF FIELDS 


A field is defined as a region of space where in addi- 
tion to the qualities of space proper there is a physical 
quantity assignable to each point as a continuous 
function of the codrdinates. So, for example, a tem- 
perature field is defined as the relation between tem- 
perature T at any point within a certain region of 
space and its codrdinates. Temperature is a scalar 
quality in so far as only numerical value and unit are 
needed to specify it completely. As another ex- 
ample, the electrostatic field is explored and defined 
by the field strength E, which is a vector, needing for 
its complete determination in addition to numerical 
value and unit also directional specifications. It is, 
therefore, customary to distinguish between scalar 
fields and vector fields." 

There are certain types of fields which are of par- 
ticular importance in theoretical physics because of 
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By ERNST WEBER, Fellow A.I.E.E. 


Polytechnic Institute of Brooklyn, N. Y. 


Field theory, as contradistinct to circuit the- 
ory, is shown in this article to become in- 
creasingly important in a large number of 
engineering problems. 
more familiar electric and magnetic fields 
there are temperature, mechanical stress, 
hydraulic flow, and other field concepts all 
reducible to the same mathematical basis. 
An outline of some of the methods em- | 
ployed in dealing with stationary fields is 
presented in this paper, conjugate functional Fa 
methods and conformal representation being 
considered in detail, preceded by a brief 
consideration of experimental reproduc- Pi 
tion, graphical mapping, and mathematical 
solutions of field problems. 
twelfth of a series of special articles de- 
veloped under the sponsorship of the 
A.1.E.E. committee on education. 


their organized structure. 
Obviously, only univalued 
relations can have physical 
significance if causality is 
adhered to for macroscopic 
phenomena. 

Consider, then, a vector 
field, defined in general by 
the field vector A. Mathe- 
matically, differentiations 
and integrations are most 
important operations and 
if these lead to simple forms 
it may be concluded that 
the field structure is highly 
organized. An example is 
the gravitational force field 
Integration along a 
path with end points P; 


P2 
and P, of the form F.ds 


In addition to the 


represents work done or 
energy expended by the 
field along this path. Ob- 
viously, the simplest force 
field must be one where this 
integral does not depend 
upon the path chosen but 
only upon the 2 end points 
P, and P,, as is the case in 
the gravitational field. If integration follows such 
regularity some inherent restriction may be sus- 
pected on the rate of change in space of the vector, 
or in other words, of its differential quotients, and, 
indeed, it is possible to derive for the gravitational 
field the relation curl F = 0 as an equivalent state- 
ment.! (In cartesian coérdinates the vector notation 
curl F = 0 is equivalent to the 3 scalar equations 


OF OF, enol a Ona oF <4) 


dy —s a dz ox A Ox oy 


But if the vector has no circuitation it can be 
shown that there is a scalar function correlated 
with it such that F = —grad ® and the force field 
can be represented as the “derivative field” of a sca- 
lar field, the scalar being called “‘potential.’”’ Many 
of the physical vector fields exhibit this characteris- 
tic although it is not always possible to give such a 
simple explanation. (In cartesian coérdinates the 


This is the 


= 0, 


vector notation F = —grad @ is equivalent to F, = 
a a yas = De ander me ore. 
Ox oy Oz 


As another example consider the flow of a liquid 
within a channel where the velocity v is the repre- 
sentative field vector. The integration ff, v-ds = 
S So 0S over a closed surface gives, as is easily 
seen if the density is constant, the total flow through 
this closed surface. (ff, indicates integration 
over a closed surface.) Thus, if this integral van- 


1. For all numbered references see list at end of paper. 
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ishes, as is usually the case, no liquid is accumu- 
lating or disappearing. An exception would be an 
underground source of water of unknown location so 
that only the increase beyond the balancing value 
could be observed. Again this regularity must 1m- 
ply a relation of the differential quotients and it can 
be shown that div v = 0, a special form of the equa- 
tion of continuity of flow. (In cartesian codrdinates 
the vector notation div v = 0 is equivalent with the 
OU, Ov, OU, ; 
se + ay aa swiss 0.) But if the 
_ vector has no divergence, its field can be represented 
as the derivative field of another vector field such 
that v = curl P, the new vector being called the 
“vector potential’ in rather loose analogy to the 
scalar mother function introduced above. 

The 2 types of fields are referred to as the po- 
tential field and the circuital field and their proper 
combination can produce any general field whatso- 
ever. Field vectors for which curl A = 0 and div 
A = 0 admit of complete determination by the 
scalar mother function, the potential, defined through 
A = —grad ®. Such fields are the most regular 
type and the most important ones in physics and 
engineering; their mathematical representation is 
the simplest and is usually summarized as “‘potential 
theory’”’ proper, and constitutes the most extensively 
developed branch of mathematical physics. 


scalar equation 


POTENTIAL FIELDS IN ENGINEERING 


The overwhelming importance of potential fields 
for general physics and engineering may be illus- 
trated by Table I where several branches of science 
are enumerated and some of their important fields 
of applications indicated. Such a table can by no 
means be complete and the references are restricted 
to a few outstanding contributions. Even so the 
bibliography shows the difficulty in attempting to 
treat a field so wide and varied. In anticipation of 
greater interest in applications to electrical engi- 


neering, stress has been laid upon applications in this 
particular branch and the fundamental books or 
treatises concerned with the mathematically related 
branches are included in the bibliography. 

For the sake of simplification and uniformity of 
expression the general notation & for scalar potential 
and A for field vector shall be used throughout. The 
interpretation in terms of a particular branch appears 
evident if Table I is consulted. 

In a true potential field it is easy to find orienta- 
tion. The surfaces where = cons are called equt- 
potential surfaces, and they never can intersect each 
other. The field vector can be used to define field 
lines in such a form that the vector always is tan- 
gential to these lines. These curves represent the 
shortest path from higher to lower potential if the 
greatest rate of change is considered. It can easily 
be proved that field lines and equipotential surfaces 
must be 2 families of orthogonal geometries. One 
family being known, the other can be traced without 
trouble. Fora potential field vector generally 


div A = s(x, 4, 2) (1) 


where s is the distribution of sources and sinks as- 
sumed to be known. (A region of space where the 
divergence of the field vector does not vanish is 
called a source or a sink according to whether there is 
a positive or negative value of divergence.) Com- 
bining eq 1 with the definition of potential 


A = —grad ® (2) 
there is obtained generally 
div grad 6 = —s(x, , 2) (3) 


a linear differential equation of the second order, 
known as the potential equation. Its solution is 
usually obtained in 2 steps by first solving the homo- 
geneous differential equation 


(3a) 


known as the Laplacian equation, and then deter- 
mining the complete integral, e. g., by the method of 


div grad = 0 


Table I—Table of Potential Fields 


Field Vector 
A represents 


Potential Function 
® represents 


Branch 
of Science 


Important Applications 


Reference numbers in list at end of paper 


Electrostatics Electrostatic potential Electric field strength 


High voltage problems 
Cable theory 


1, 2,6, 7, 9, 10, 11, 12, 15, 16, 18, 23) 24, 25; 30) 
35, 36, 37, 38, 39, 46, 47, 48, 49, 50 


Transmission line theory 
(Communication and power) 


Electrodynam- Current potential (same Electric field strength 


ics values as electrostatic) 


Ground currents 
Electrolytic conduction 


1, 2, 6, 7, 15, 18, 40 


Current distributions 


Magnetostatics Magnetostatic potential Magnetic field strength 


Permanent magnets 
Electrical machinery 


1, 2,6, 7, 14, 15, 16; 17.18) 19) 20,2122) 31a ie 
51, 52, 53 


Transmission line theory 


Interference 
Temperature distributions in solids, liquids 
Heating and cooling of machinery 


Thermody- Temperature (isotherms) Temperature gradieni 


namics 


2,3, 6, 11, 32, 54 


Current carrying capacity of cables 


Mechanics Gravitational potential Force Gravitational problems WG 
Theory of Stress function Stresses Torsion problems 2, 4, 6, 55 
elasticity Static stress analysis ae 
2 ’ : Theory of deformation 

Hydraulics Velocity potential Velocity Flow of liquids z 2, 6, 8, 18, 42 
Hydrostatics ae ae 
Dam designs 

: f ? Streamlini 
Aerodynamics Velocity potential Velocity Flow ce be 2, 5, 6, 8, 42 
, 9, 6, 8, 


Streamlining 
Aeroplane design 
Profiling of wings 
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variation of constants. If the field does not contain 
any sources or sinks one is immediately led to eq 3a 
which, therefore, represents the fundamental formu- 
lation of the potential problem. 

Solutions of the Laplacian equation are known in 
great numbers. The difficulty in treating special 
problems is, however, not so much to find a general 
solution for eq 3a as it is to satisfy the particular 
boundary conditions. A general solution of eq 3a 
contains for each coérdinate 2 independent integra- 
tion constants and the problem is relatively simple as 
long as there are for each codrdinate 2 boundary sur- 
faces, at different fixed potential values, each ex- 
pressible in one single variable. This means that 
only very idealized problems can be treated and in 
addition the boundary surfaces must have simple 
forms. Most of the practical problems, therefore, 
devoid of simplicity, are not amenable to direct 
mathematical treatment. 

It is this situation, which, in view of the tremen- 
dous importance of potential fields, spurred the 
search for methods of field mapping by whatever 
means possible. Scanning the various methods 
available in potential theory they can be grouped as 
follows: 


Experimental reproduction. 
Graphical mapping. 

Semigraphical mapping. 

Direct mathematical solutions. 
Direct mathematical approximation. 
Conjugate functional methods. 
Conformal representation. 


mIAS AN SS 


On account of the broad scope, the following para- 
graphs will give a short critical survey of the methods 
enumerated, with references, special emphasis being 
laid upon the last 2 most recent and powerful mathe- 
matical tools. 


EXPERIMENTAL REPRODUCTION 


The functions 6 and A are common to all potential 
problems. Analogies may, therefore, be drawn be- 
tween any 2 branches of applications and if there is 
one potential field that can easily be set up at will in 
the laboratory, all the other fields can be pictured with 
it. Such a convenient reproducing standard is the 
electrolytic field, the field of the electric current in an 
electrolytic trough. The electrodes may be formed 
into any shape whatsoever, supplied with any po- 
tential value, preferably at medium frequencies (400 
to 600 cycles) and the potential distribution explored 
with a probe by means of a potentiometer. Usually 
a direct cross-sectional graph of the equipotential 
lines can be obtained. 

In this way reproduction of the electrostatic field is 
often obtained for problems in electronic tubes where 
several different potentials are applied and where the 
potential distribution is a controlling factor in the 
amplification and control characteristics.*"° In high 
voltage cable design this method is used to study the 
electrostatic field as well as the temperature distribu- 
tions under varying conditions, simulating the di- 
electric constants and thermal conductivities by elec- 
trolytes and electrodes of different electric conduc- 
tivities.1412 Quite recently another interesting ex- 
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ample can be found in the reproduction of a hydraulic 
problem, evaluating the pressure field on a dam. 
Another experimental reproduction method was 
employed for study of magnetic field distributions in 
armatures and slots of electrical machines to assist 
in the proper design. The field lines are shown by 
finely distributed colored glycerine forced into water 
flowing between glass plates so that very clear photo- 
graphs of the stream lines could be obtained.!*?! 


GRAPHICAL AND SEMIGRAPHICAL MAPPING 


Purely graphical methods have been developed 
chiefly for the electric and magnetic fields in space 
and for 2-dimensional arrangements. Having a good 
textbook available’® it might seem superfluous to 
expand here were it not for the fact that usually no 
references are given to the original publications where 
much valuable information can be obtained. 

Graphical mapping is essentially based upon the 
law of superposition, i. e., the fact that fields produced 
by a number of sources of vanishing dimensions su- 
perimpose upon each other without mutual effects. 
The fields of points and mathematical lines as sources 
are typical examples. Knowing the individual field 
picture the resultant for several sources can be easily 
drawn. ‘The proper selection of field lines and equi- 
potential lines may be guided by the flux principle 
devised by Maxwell,'® who also gives examples for 
electric and magnetic fields.” Extensive history and 
literature on the subject may be found in the ‘“Hand- 
buch der Physik.’’!® 

In the case of 2-dimensional fields with any ar- 
rangements of given equipotential surfaces it is pos- 
sible to combine certain mathematical properties of 
the potential field with graphical methods and secure 
field pictures otherwise not obtainable. Th. Leh- 
mann’® gave the fundamental theory and many 
applications to mapping problems of magnetic 
fields, so important, for example, in the design of 
large alternators,’**! in the computation of trans- 
former leakage,*! in the evaluation of mechanical 
forces,” and in special operating conditions of ma- 
chines.*? For the proper design of electric insulators 
of all types one needs the knowledge of the field dis- 
tributions. The 2-dimensional case was developed 
by Lehmann,”*”? and Mueller,*° and the 3-dimen- 
sional case with rotational symmetry was suitably 
modified by Kuhlmann.”® 

The semigraphical methods are of utmost value in 
all design problems of large machines and high volt- 
age apparatus, and probably constitute the tools 
most widely used for field mapping. Their disad- 
vantage lies in the amount of labor involved to ob- 
tain correct field pictures, necessity for frequent re- 
drawing, and the fact that each picture holds for one 
individual case only. Although the applications 
quoted here are in the vector fields of electrical engi- 
neering, these methods can be, and are, used for the 
other vector fields as listed in Table I.%58 


DrirEcT MATHEMATICAL 
SOLUTION OR APPROXIMATION 


The direct methods are the ones usually treated in 
the textbooks, and will be found in the fundamental 
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references of the first part of the bibliography. The 
current journals of the various scientific and engi- 
neering societies publish many contributions to this 
special field of applied physics or applied mathe- 
matics. Any attempt to give a bibliography of 
these would be futile on account of the immensity of 
the subject. A very good general survey is given by 
Kellogg. ® 

As emphasized in the introductory part, the direct 
methods are applicable for simple boundaries only 
and solutions are known for the fundamental 
geometries in the various physical codrdinate sys- 
tems! in connection with the related orthogonal 
function systems.®?> Unfortunately it requires, in 
general, a series expansion to solve even simple po- 
tential problems which are in rather remote relation 
to practical problems, so that direct analysis seems a 
matter more of mathematical interest than of ob- 
taining practical solutions. The semigraphical 
methods, in spite of their many disadvantages, have 
been preferred and are preferable from the engi- 
neering point of view, as long as acquaintance with 
the methods to be described in the following chapters 
was a rarity. 


CONJUGATE FUNCTIONAL METHOD 


Assuming familiarity with the fundamentals of 
complex quantities a few fundamental relations will 
be given to show the usefulness and practicability of 
conjugate functions for engineering use. 

If z is the complex expression for the radius vector 
in a coordinate plane with origin O (see Fig. 1), 


z=x+jy = |2|-«¢ (4) 
then any mathematical function of z may be written 


Jy Fig. 1. Complex variable 
and differentiation in the 
complex plane 


on expansion and separation into real and imaginary 
parts: 


w = f(z) = u + jv = |w|- (4a) 


Now z has a geometric meaning; w is, so far, purely 
fictitious. The function w will be examined more 
closely. Of all the functions of complex character 
obviously those will be easiest to study which exhibit 
some inner organized structure. As shown in the 
introduction, structure has to do with rate of change. 
Consider the differential quotient and its common 
definition analogous to the case of a real variable 


dw 
dz 


Aw 


d : 
= _— = 1 oes 
at” mi Az —> 0 Az 


Since Az, as part of z, is also complex, Az > 0 means 
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an infinity of different possibilities of approach 
toward P (in Fig. 1 only 3 such possibilities are indi- 
cated). A function w which would give different 
values for its differential quotient depending upon 
the choice of Az cannot have much value for physical 


: ' See NTL oe 
interpretation. Thus uniformity of lim aS de- 


manded independent of the particular choice of Az. 
Interestingly enough, this ove condition, which is the 
only reasonable one to impose, leads straight to the 
class of ‘‘analytic’’ functions, the class which bears 
the closest relation to physical phenomena. 

From this one condition the Cauchy-Riemann 
differential equations”®*” can be derived: 


Ou Ov Ou ov 
de dy’ dy Oe a 
which restrict the variability of the real and im- 
aginary parts of the complex function and, in fact, 
constitute an interrelation such that if u is assumed, 
v follows immediately.”8 

Furthermore, if eq 5 are differentiated, the first 
with respect to x, the second with respect to y and 
both results are added, there is obtained 
Ou 


2. 
oe + S40 (6) 


ie 
and similarly 

o*%v O*v 

dat + ay = ° @ 
which is the potential equation in 2 dimensions for a 
Cartesian system. Thus any analytic function of 
% represents with its real and with its imaginary part 
the mathematical expression for possible potential 


fields in 2 dimensions. 
Consider as a special case the function 


w = alogz = a log |z| + jap = u + jv (8) 


(Logarithms given are natural logarithms, i. e., to the 
base e.) It is customary to call the absolute value 
of the radius vector 


ls] =r = Vx? + ¥2 


and log r must represent a potential field. It is 
easily identified with the electric field of an infinitely 
long wire uniformly charged, the potential of which 
is given by?®? 

= aie logr = u 

Here g is the charge per unit length and A the abso- 
lute dielectric constant.?® - The constant follows as 


ape 
Pee 2r A 
Since the imaginary part of w also satisfies the po- 
tential equation it is interesting to ask what it repre- 
sents. Putting 


v = cons 


the lines g = cons, or radii vectors are obtained, 
which are the field lines. In general v = cons leads 
to a family of curves orthogonal to u = cons, i.e., 
to the equation of the field lines and is, therefore, 
called the flow function. It is this relationship which 
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accounts for the importance of complex functions in 
potential theory and which has led to the designation 
conjugate functions for wu and v in the combination w. 

Let the general rule be accepted of considering the 
real part of an analytic function as a real potential 
function 


Rew) =u = 


and the imaginary part as the orthogonal flow func- 
tion 


Im@w) =v=wWv 


which defines the field lines. On account of eq 6 and 
eq 7 it may be asked what is represented by 

Re(jw) = —v = ® 

ImGw) =u=vW 


In this case, obviously, the field lines are the circles 
and the equipotential lines the radii vectors—the 
magnetic field of an infinitely long linear current is 
obtained. 

The case given by r = 0 is rather embarrassing 
in the mathematical as well as in the physical sense, 
since nature must present herself at least to our senses 
in 3-dimensional and probably finite space; and to 


Fig. 2.  Corre- 
spondence of 
points in 2 com- 

plex planes 


oy W- PLANE 


have log 7 at the point where 7 = 0 assume a value 
(— o) is a mathematical absurdity, but this cannot 
be prevented on account of our limited tools. To 
avoid these difficulties which always arise when it is 
attempted to follow the mathematical pictures of 
physical phenomena to the limits, 7 = 0 is simply ex- 
cluded and its infinitesimal neighborhood—whatever 
that may mean—is defined as a “singularity,” a 
plain confession of the limitations. Nevertheless, 
the picture can thus be saved for finite value, of 7, 
which is all that can be verified experimentally any- 
way. (A similar consideration ought to be given for 
the region r = o.) 

The conjugate functions log z have been shown to 
represent at finite distances the fields produced by 
“source lines” and ‘‘circuital axes,’’ according to the 
choice of u or v as the potential function. The most 
important conclusion is that the law of superposition 
can be applied for several such lines or axes and leads 
to the functional correlate to the pure graphical 
mapping method. Much use has been made of this 
functional construction of fields for electrical prob- 
lems involving the electrostatic field of grids in vac- 
uum tubes,*° for the magnetic fields of any number of 
parallel wires carrying current with or without iron,** 
for the temperature distribution in multiconductor 
cables,®2 for the capacity effects in multiconductor 
cables, ** for the flow of liquids,**? and other problems. 
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Knowing the particular potential function the 
field vector is obtained according to eq 2 as 


of 


dle S ~ Oy 


= ox ’ UO 
or expressed as a complex quantity 


of 


F 3 OPDFs 
=A, tidy = - (S$ +3=) (9) 


In this form A is often said to have the character of a 
“plane vector.” This is not only misleading but 
accounts for unexplainable discrepancies in complex 


u=O UFuU; 


Z— PLANE W—-PLANE 


Fig. 3. Conformal representation effected by the 
analytic function w = log z 


integrations. The notation A, + jA, is but one 
possible combination of the 2 components which, 
properly understood, is more convenient than the 
vector notation now universally used in vector 
analysis. 
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The functional relation w = f(z) can be inter- 
preted in another interesting manner. Equation 4a 
has essentially the same form as eq 4 and obviously 
no objection could be raised to considering w as a 
complex representation of points (wu + jv) in a sepa- 
rate plane of its own. Asin Fig. 2, a w-plane and a 
z-plane can be correlated so that any point P(z,) or 
Q(z.) corresponds to a point P’(w;) or Q’(w,), re- 
spectively, and any array of values z is correspond- 
ingly represented by an array of values w. This 
transformation of an array in 2 into one in w is com- 
pletely determined by f(z) the transforming function 
and, therefore, depends in its qualities upon f(z). 

If now w = f(z) is an analytic function its deriva- 


tive = will be a definite function of z only 

(10) 
and will not depend upon dz by definition. Writing 
f(z) and dz as complex quantities in polar form 
f'(@) = M- ein, dz = ds-ci8 (11) 
there results for eq 10 

dw = (Mds) -¢ (u+8) = dS- 4B (12) 


Equation 12 shows the peculiarities of the trans- 
formation: the magnitude of dw bears a ratio M to 
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the magnitude of dz, which is constant for any one 
point whatever the direction of dw might be, but 
varies from point to point (since M is a function of 2 
only); the direction of dw is rotated with respect to 
that of dz by an angle », again constant for any one 
point but varying from point to point. These 2 
properties mean a geometrical transformation main- 
taining proportionality in infinitely small regions 
with preservation of ail angular relations but effect- 
ing a complete deformation in finite dimensions. 
The main feature is that angles remain the same in 
both planes, since rotation by a constant angle takes 
place at each point, a characteristic which is re- 
sponsible for calling this process a conformal repre- 
sentation,*©? and making it a powerful tool for 
mathematical analysis. 

The potential field with the 2 orthogonal families 
of curves, equipotential lines and field lines, will re- 
tain this orthogonality when conformally represented 
but may change the shape of the lines entirely. 
Proper application of conformal representation 
should be suitable to reduce rather complicated po- 
tential fields to very simple ones which have already 
been fully explored, and transforming the knowledge 
of the simple field back into the original problem 
should solve this by transformations only. Since 
the only condition is that f(z) be an analytic function, 
a study of the transformations afforded by various 
such functions should yield a rich crop of solutions to 
possible problems and those of practical value could 
be selected. 

The function w = a-log z from eq 8 can now be in- 
terpreted as a conformal representation. From 


u = a log |z|, v = ag 
it is obvious that 


u = cons, |z| = cons 
vy =cons, ¢ = cons 


or the orthogonal set of codrdinates in the w-plane 
transforms into the orthogonal set of polar coérdi- 


U>-OQ) 


W- PLANE 
Fig. 4. Conformal representation of the upper half 


Note 


z-plane into an infinite strip in the w-plane. 
exclusion of singular point z = 0 
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The shaded areas in Fig. 3 are 


nates in the z-plane. 
the corre- 


an illustration of this transformation; 
sponding values are 

um = aloga; 1 = a¢1 

Uz = a 10g 2; Ww = Age 

Obviously a complete annular ring from the z-plane 
would be a finite rectangle of height (a-27) in the 
w-plane and if |z| would cover the total range 0 < 


Jy 


AMI #f WAP IL 1, 


Z=0 
+ —-PLANE Zz — PLANE 
Fig. 5. Conformal representation of polygonal 


region 


|z| < ©, the infinite strip —© < u < + would be 
its conformal representation. 

An example for this case is shown in Fig. 4 and the 
correspondence is obvious. One might say the plane 
condenser of the w-plane is stretched out into 2 
planes lying side by side in the z-plane, compressing 
and lengthening the field lines accordingly. Mathe- 
matically the 2 planes 6 = @,, 6 = 0 seem to meet 
at the origin of the z-plane which from the physical 
point of view would seem absurd. But at z = 0 eq 
8 gives a value for w which can be shown to be singu- 
lar. Approaching 2 = 0 from left brings w > 
(— © + jar), approaching z = 0 from the right gives 
w—> (—o + 70), so that there is a physicomathe- 
- at the point where z = 0 
has no distinct value, and the representation cannot 
be a conformal one there. This solves the dilemma, 
since it requires the exclusion of z = 0 from the 
conformal region by a small half circle, representing 
an infinitesimal field line, and makes the strip in the 
w-plane finitely bounded on the left-hand side as 
shown in Fig. 4, where the last field line corresponds 
to the infinitely small half circle. This example 
may serve to illustrate some of the difficulties en- 
countered in conformal representation which, while 
not serious in themselves, should serve as a reminder 
to always examine carefully the fundamental state- 
ments before proceeding further. 

Again, many examples of applications in all 
branches of science are available in the literature, 
such as the evaluation of the amplification factor 
and similar characteristics of vacuum tubes with 
small grid wires,*”’ or with grid wires of finite diame- 
ter,*8 the capacity problems of bus bars,®® the flow 
of current in a circular disk,*° the determination of 
the magnetic field distribution in machines,*! the 
flow of liquids and gases around cylinders and similar 
bodies,” **® profiling of wings of airplanes,®54? and 
other problems. 


matical discontinuity, 
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Fig. 6. 


for a rectangular edge opposite a plane, and its 


Illustration of the electric field distribution 
conformal representation upon the upper half 
plane 


CONFORMAL REPRESENTATIONS 
OF POLYGONAL REGIONS 


One of the most important theorems in the domain 
of complex functions can be stated about as follows: 
Any finite polygonal region not containing singu- 
larities can be conformally represented on the upper 
half plane so that the boundary of the polygon is 
uniquely transformed into the real axis.*%44 The 
function which performs this is given by?®?6 


ap (13) 


dt 

en 6 laser = har... (b= bn) 
where C;, and C, are 2 complex constants specifying 
the proper situation of the z-plane with respect to the 
t-plane and fixing the scale in the z-plane; 4, 4, ... ¢, 
are the vertices of the polygon, and aim, aot, ... a,7 
the supplementary angles of the polygon at these ver- 
tices (see Fig. 5). The region represented is alway 
at the left-hand side if progressing along the boundary 
from t, to ¢ or 2; to 2, respectively. 

Even a brief account of this invaluable theorem 
would take up more space than can appropriately 
be expected. Therefore, only a few remarks will 
be made and more emphasis placed on enumeration 
of some important applications. To make the repre- 
sentation a determined one 3 points in the z-plane 
must be arbitrarily assigned as to their position; 
conveniently 3 vertices will be chosen. All the other 
vertices as well as C; and C; have to be determined 
by proper correspondence of points and integrations 
over the lengths of the polygon sides in the ¢-plane. 
This usually presents one of the main difficulties in 
using Schwarz’s theorem, as eq 13 is referred to, 
since the integration indicated there must be per- 
formed. This often leads to elliptic integrals and 
functions for even the relatively simple cases, and to 
hyperelliptic and unsolvable integrals in many im- 
portant cases. Thus the method has serious limita- 
tions and various attempts have been made to elimi- 
nate these restrictions by approximation with poly- 
nomial expressions and the like.”*”* 

Notwithstanding the mathematical difficulties, 
where solutions are possible, they are obtained in 
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one of the most elegant methods of mathematics. 
Imagine that instead of solving a differential equa- 
tion of the potential with boundaries not amenable to 
explicit expression, except as sectional straight lines, 
one has but to transform the whole region into the 
upper half plane, join a transformation as Fig. 4 shows 
(and as was discussed in the preceding section) and 
there is obtained the field of the plane condenser. 
Of course, to utilize the homogeneous field properly 
it will be necessary to arrange the transformation 
from the z-plane to the w-plane so that the potential 
values are constant on the lines v = cons; Fig. 4 is 
only a very simple, special case of 2 potentials. 

It remains now to illustrate the practical value by 
deriving the expression for the field vector. In the 
t-plane, where ¢ = & + jn, the potential function & 
will be a function of € and 7 and follow Laplace’s 


equation. The field vector, therefore, must be 
of . Ob 
riers Eta his ye (14) 
Since, however, 
dw _ dw ds 
Dy G3 ee 


for the complete conformal representation (where ze 
z 


ae according to eq 


transforms similar to Fig. 4 and — 


dt 
13) w must be an analytic function of t and 


dw ow ou . Ov ov 
a ~ ag ~ dE tS ag my ts 
may be used. The first relation states the independ- 
ence of the differential quotient on the way of ap- 
proach and the last 2 terms involve the first eq 5. 
But eq 15 has close resemblance to eq 14, if, as in 


(15) 


© Fig. 7. Varia- 
tion of the elec- 
tric field strength 
along the rectan- 
gular edge BCA, 
computed ac- 
cording to eq 14 


Fig. 4, the v-lines are identified with equipotential 


lines. One, therefore, simply has 
+ |) .dw dz ov . Ov 
A = conj je -G|-- 3-55. (16) 


where conj symbolizes that all imaginary parts within 
the brackets shall be taken with their conjugate 
(negative) values. Thus, the field vector at any 
point in the ¢-plane, the original arrangement, is ex- 
plained in terms of the transforming function eq 13 
and the required joint transformation. 

As an illustration, in Fig. 6 is shown the field dis- 
tribution in ¢-plane and gz-plane for a rectangular 
edge opposite a plane. The field lines concentrate 
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at the edge C and a high value of field strength has to 
be expected there. In Fig. 7 is given the variation of 
field strength E as computed according to eq 16 
along the surface of the rectangular edge BCA, and 
it can be seen that near the edge C the value of E 
increases rapidly and, mathematically, reaches in- 
finity. To avoid such highly stressed regions in 
electric fields, where breakdowns would occur first, 
it is necessary to round off the corners. Minimum 
values of the radius of curvature can be estimated 
from the field picture or computed by approximation 
methods.** 

Many other applications have been made among 
which may be mentioned the design of high voltage 
insulators,*®*° and of high voltage transformers, *”* 
the field distribution at the edges of a plate con- 
denser*® and its application to the proper shaping 
of the electrodes in order to avoid breakdown at very 
high voltages,®*° and numerous other electrostatic 
problems. The magnetic field distribution in the 
slots of dynamos‘!*? has been investigated as well 
as in large generators, where the leakage problem is 
predominant.*? The temperature distribution in 
slots of high speed turbine-alternators is another in- 
teresting example** and finally there may be men- 
tioned the solution of torsion problems‘ especially in 
the case of the angle iron.*® 

Although the field of conformal representation is 
the subject of many articles of which only a few have 
been included in the references which follow, the 
subject is as yet rather new. Applications to many 
problems are possible and altogether desirable, since 
a general solution can be obtained which would per- 
mit general conclusions and give analytic methods 
for improving designs and constructional features. 
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Characteristics of 
a Group of Engineers 


An analysis of the characteristics of a group 
of development and research engineers is 
presented in this paper. From this analysis 
an attempt is made to point out the weak- 
nesses that were responsible for some men 
being released during this period of abnor- 
mal business conditions, and, conversely, 
to show the elements of strength that per- 
mitted others to be retained. Such an 
analysis should be helpful not only to the 
young engineer entering industry and to 
the teachers who have prepared him, but 
also to his employers. 


By 
THOS. SPOONER Westinghouse Elec. & Mfg. 
FELLOW A.I.E.E. Co., E. Pittsburgh, Pa. 


D itanc the past few years of 
economic stress, employers have found it desirable 
to study and analyze the value of their individual 
employees as they never have done before. The 
necessity for considerabie reductions in personnel 
has resulted in the release of many engineers with 
adequate technical training because it was judged 
that those men, although doing their work with 
reasonable efficiency, were, nevertheless, inferior to 
others associated with them. 

Just as abnormal conditions of loading with conse- 
quent failure have resulted in making available 
valuable data on the strength of various mechanical 
structures, so perhaps a study of the abnormal 
requirements imposed on those employees who have 
not weathered the depression with their jobs intact 
may reveal weaknesses in a group that before had 
not been appreciated. Similarly, a study of those 
who have survived may indicate the elements of 
strength that permitted their survival. 

It has been the author’s privilege for some years to 
introduce a considerable number of research workers 
to their first regular jobs, and it has been his mis- 
fortune to assist some of them involuntarily to 
relinquish those jobs. It would seem to be interest- 
ing and perhaps valuable to examine critically and 
classify the causes that led to the release of those 
particular men rather than some of their fellow 
workers. Many of the men released were only 
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slightly inferior to their associates who remained and 
in some respects were frequently superior, though a 
few were obviously misfits and had been retained 
only because of the scarcity of suitable technical 
help. Were their faults or weaknesses attributable 
to lack of satisfactory training, to the fact that they 
were in the wrong kind of work, to personal charac- 
teristics, or what were their major difficulties? 

There has been much discussion and criticism 
lately of the curriculums of engineering schools. 
Can those men who were released legitimately lay 
their difficulties to unsuitable training, either of 
type or quality? 

Many of these individuals were selected for their 
particular jobs by men who have specialized in that 
sort of thing, and they were under continual observa- 
tion for a year or more during special training before 
they were assigned to their final positions. Were the 
assignments poorly made and was the specialized 
training not satisfactory? Again, as the result of 
inheritance or unsuitable environment (in or out of 
school), did these men have personal characteristics 
that stood in their way and that might have been 
improved by serious self-analysis and perhaps by 
sympathetic external guidance? 

It is hoped that this analysis may assist in answer- 
ing these questions and serve as a guide for young 
technical students and graduates. It also may be of 
assistance to those who select and give special 
training to such young men. 

This analysis is confined to men who were engaged 
in research and development work, and might not 
apply so well to those in design and commercial 
activity. They are all men who the author has 
known for several or many years and with many of 
whom he has worked and played. The analyses of 
the reasons for their release, therefore, should be 
fairly reliable, especially since many of them were 
checked by others. It should be emphasized that 
none of these men are failures, but only that their 
fellows in similar work were judged to be more valu- 
able. Many of these men very shortly were reab- 
sorbed by industry, either by the Westinghouse 
company or some other concern, in a different ca- 
pacity and some with better financial rewards than 
they previously had received. 

Only technically trained men are being considered 
in this analysis and all were active experimenters, that 
is, none were in purely executive or consulting posi- 
tions. Also laboratory assistants, whether on tech- 
nical or manual work, are not included. 

Points to be emphasized as a result of this study 
are these: 


1. The great importance of temperamental traits in the success or 
failure of research and development engineers perhaps is not fully 
appreciated. More attention should be paid to these traits in the 
selection, guidance, and early training of prospective engineers. 


2. Students should be taught the importance of temperamental 
traits and personality factors and how these factors will affect their 
future success even in noncommercial fields of work. This should 
be started at an early age. 


8. Technical schools should consider the possibility of group ac- 
tivities which will involve several students working together on a 
single project. The weaknesses of an individual as a member of a 
group should be pointed out to him; and if his faults are such that 
they cannot easily be remedied, the student should be guided into 
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activities where his individualistic traits will not be too much of a 
handicap. 

4. Less emphasis in the schools should be laid on obtaining high 
marks in abstract studies and more on fitting the individual for his 
life work, taking into account his inherent temperamental and mental 
peculiarities and limitations. This will require a certain amount of 
individual work on the part of the instructors which may not fit in 
well with .the present American method of mass production of tech- 
nical school graduates. 


5. There seems to be a definite correlation between success and 
induction into industry through a student training course 


ANALYSIS OF MEN RELEASED 


The late B. G. Lamme is reported to have stated 
once that according to his observations, an engineer 
seldom failed because of deficiencies in technical 
knowledge, but usually because of some personal 
characteristic. This may profitably be kept in mind 
in studying figure 1 which is based on the analysis of 
the traits of men released since 1929. 

It should be understood that each individual may 
and usually does have more than one point of weak- 
ness as will be discussed in more detail later. Each 
person, therefore, may come under 2 or more different 
classifications and under several items per class. 
These items are probably not in accordance with good 
psychological practice but they do represent the 
common types of criticism by which individuals 
often are judged. The “‘antisocial factors’ are those 
that, if properly controlled at an early enough age, 
might have been improved. They are, of course, the 
factors that limit one’s effectiveness in group activi- 
ties. It may be wondered why “unimpressive 
personality’? appears here instead of under ‘‘person- 
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Figvet: 


The percentages refer to the number of engineers deficient 
in the particular quality considered, based upon the total 
number released 


Faults and weaknesses of men released 
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ality factors.” It is believed that if an unimpressive 
person would exert himself a little in an effort to 
become interesting and to make himself noticed, he 
readily could eliminate this trait. 

It also may be questioned why “displeasing or 
unattractive personality’? appears under “‘person- 
ality factors” instead of ‘“‘antisocial factors.” The 
reason is that a person may be displeasing or un- 
attractive in spite of the fact that he may make a 
considerable conscious effort to be quite the opposite. 
In other words, he may be quite the reverse of anti- 
social in his desires and intentions. 

The ‘‘inability to adjust oneself to his environ- 
ment” is a difficulty experienced chiefly by foreigners 
whose training and background may be quite differ- 
ent from those in the United States. The items 
under ‘‘temperamental traits” and “‘misapplication” 
are largely inherent characteristics resulting from 
heredity and environment. Some of them could 
be altered considerably by proper supervision at an 
early age. Some never could have been altered 
appreciably. Most of them can be modified very 
little after a man has reached maturity. 

It is felt that the characteristics under ‘“‘misappli- 
cation’’ may interfere seriously with a man’s success 
as an engineer though the lack of some of them might 
not be an important handicap in other lines of ac- 
tivity. These are the factors that should have been 
given particular consideration before a student took 
up the study of science or engineering. It is par- 
ticularly unfortunate when a man is trained for engi- 
neering and his chief interest and capabilities lie else- 
where. It is probable that many cases of mis- 
application are avoidable. 

Faults under ‘‘training’’ are believed to be due 
largely to weaknesses in the secondary and technical 
school education, though even here inherent indi- 
vidual characteristics will cause large variation. 

It is interesting to note that the “‘temperamental 
traits’ form such a large percentage of the causes of 
failure. The “antisocial factors’? do not constitute 
a very large percentage, but they must be important 
in such a group as the one being considered here 
since nearly all research and development work of a 
large company necessarily must be of a codperative 
nature. That the percentage of failures due to these 
factors is no larger is probably because in engineering 
and scientific schools and colleges coéperative activi- 
ties have an important place. A ‘‘noncodperator”’ 
is likely to be unhappy and eliminates himself from 
school or is removed arbitrarily before he finishes his 
technical training. The term ‘‘codperative ability”’ 
is used to include success in getting along not only 
with those on an equal footing or in other allied 
activities, but also with one’s subordinates as well. 
In the United States at least, it seems to work best 
when dealing with creative activities to consider 
one’s subordinates as partners who are free to con- 
tribute ideas and not merely to carry out instruc- 
tions. An executive who cannot work this way is 
probably not getting the most out of his subordinates. 

“Diffidence” and “unimpressive personality” go 
together usually and are fairly large. It may be that 
some men are conscious of these defects and are 
guided into research because they believe that they 
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Table I—Summary of Faults of Men Released 


Per Cent of Men 
With at Least One 
Fault Under the 


Per Cent of Men 
With Faults of 


Characteristic Particular Characteristic One Type Only* 
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* There may be several items under one type. 


will not be so handicapped in this type of activity, or 
it may be simply that they feel happier where social 
contacts are not so frequent or necessary. 

The item “antagonizing one’s superior’ perhaps 
merits a moment’s consideration. A man may be 
quite successful with one boss and a failure with 
another. It may be the fault of both or neither. 
Sometimes 2 strong personalities cannot get along 
together. Probably the only satisfactory solution is 
a separation and the sooner the better. Under 
“personality factors’ the 2 big items are ‘‘lack of 
aggressiveness” and ‘“‘lack of ability to sell oneself,” 
the former showing that more than 50 per cent of the 
men had this failing. At first glance these 2 factors 
might be considered to be practically identical. 
This is not true although the majority of persons 
who have one of these failings also have the other. 
A man may be very quiet and nonaggressive and yet 
so conduct himself as to convince others of his capa- 
bilities and value. A man also may be aggressive, 
of course, without convincing others of his worth. 
It may be noted that “‘lack of initiative’ and “lack of 
evidence of ambition” are the next 2 important 
items in this class. Without initiative a person will 
not be very valuable in most kinds of research, and 
if he does not display this quality he is in grave 
danger of being displaced. ‘“‘Lack of evidence of 
ambition” is certainly a handicap. Any normal 
executive likes to see his subordinates display a 
reasonable amount of ambition either in the way of 
leadership or in establishing technical or scientific 
reputations for themselves. Without such an in- 
centive a man is probably not working as hard and 
effectively as he should. The other items under 
“yersonality factors’ are obvious and of minor im- 
portance from a percentage standpoint. 

In considering the factors under ‘‘misapplication”’ 
and ‘“‘training’’ it should be remembered that many 
of these men previously had been subjected to a very 
rigorous elimination process before being assigned to 
their particular research activities. A few had been 
hired when technical labor was scarce, and although 
known for some time to be somewhat unsatisfactory 
had not been eliminated previously because of the 
difficulty of replacing them with better material. 
Apparently very few were misplaced from the stand- 
point of interests. One or 2 undoubtedly would 
have been more successful'in commercial activities 
and some would have been happier as artisans or 
designers. Several men were judged to fall in the 
“misapplication” class because of inherent limita- 
tions in ‘‘mental capacity.’ These limitations defi- 
nitely prevented these men from going very far in 
their chosen profession. Earlier in life they should 
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have been guided into activities in which these 
particular characteristics were not so essential. 

A considerable number was lacking in “ingenuity 
and resourcefulness,’ which of course is a serious 
handicap, and a slightly larger number was lacking 
in ‘‘analytical ability.”” It is possible for a student 
to graduate from many technical schools with fairly 
good marks even if he be deficient in these qualities. 
It is very difficult, however, for him to make a suc- 
cess in research or development work without them. 

Under “‘training’’ the one large item is ‘‘failure to 
improve self technically.”’ This refers to study and 
reading beyond that just sufficient for the job im- 
mediately at hand. Such study is essential if a man 
is to keep up with new developments and continue to 
be valuable under changing conditions. Failure in 
this respect is due to laziness, lack of ambition, or 
sometimes to family or financial cares and worries. 
If a person has sufficient inherent scientific curiosity 
properly developed by suitable training, this seldom 
will be a serious fault. 

Table I, taken from the same data as figure 1, 
gives some further interesting comparisons. It is 
interesting to note that 17 per cent had faults of all 3 
major types. This table indicates very clearly that 
the temperamental faults constitute a large percent- 
age of the total. It is particularly significant that 
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Fig. 2. Qualities in which the men retained excelled 


The percentages refer to the number of engineers that 
excelled in the particular quality considered, based upon 
the total number retaine 
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37 per cent of those men who were released had 
faults of this type only. It is also important to note 
that S4 per cent had temperamental faults of one 
kind or another. A considerable number was 
classed with characteristics under ‘‘misapplication 
and training,’ but it should be realized that the 
temperamental faults that many of these individuals 
also had were chiefly responsible for their release. 

When the author attended technical school, he 
was led to believe, by inference at least, that to be a 
success the one thing necessary was to study hard and 
master the fundamentals of science and technology. 
The development of personality traits and the 
correction of temperamental faults scarcely were 
mentioned and certainly were not stressed. Perhaps 
more could be done by the schools in the formative 
period to bring home to the students the importance 
of their relations to their fellow men, not from a social 
standpoint but as a means of holding their jobs and 
advancing in their chosen profession. After a man 
becomes older it usually is too late to influence 
appreciably these characteristics. 
ANALYSIS OF MEN RETAINED 

Now the other side of the picture will be pre- 
sented. So far only those men who were released 
have been considered; it may be just as profitable to 
examine those who weathered the storm and attempt 
to determine what particular elements of strength 
enabled them to do so. Were they especially well 
trained? Did they have particularly pleasing per- 
sonal characteristics which caused them to be es- 
pecially favored? Did they have specific informa- 
tion or abilities which would make them hard to 
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replace, or to what could they attribute the fact that 
they were among the more fortunate? 

This classification is somewhat different since it 
deals with favorable qualities rather than with 
faults. It should be realized that a man may have 
serious faults that would have lead to his dismissal 
were it not for the fact that his virtues far out- 
weighed them. This will be discussed later. Figure 
2 gives an analysis of the favorable traits that made 
the men retained valuable. It would be expected 
that the ‘‘mental characteristics’ and the “‘training”’ 
factors would be high, but it should be noted also 
that the “temperamental traits’ are also fully as 
high. The ‘‘social factors’? must be high because 
modern research on a large scale must be a co- 
operative activity and the ability to get on with one’s 
fellow men is essential. 

The “‘personality factors” are also very important. 
It is especially interesting to note that “reliability 
and conscientiousness” and “‘industriousness”’ are so 
high. If aman does not have these qualities he will 
not last long in these times unless he has some other 
outstanding qualities. It may seem surprising that 
enthusiasm is solow. Some of the best investigators 
go about their work quietly and never display 
marked outward signs of enthusiasm. Perhaps one 
of the most serious weaknesses of the average 
research investigator is his difficulty in interesting 
others in the results of his work. This is perhaps 
partly because of his characteristic of not displaying 
enthusiasm. He tends to be conservative because he 
realizes the difficulties in commercializing the results 
of his investigations. 

Under “mental characteristics,’ ingenuity, re- 
sourcefulness, good judgment, and accuracy all rate 
high as they should, or these men would not have 
survived. Speed is not nearly as essential and rates 
somewhat low. Of course, speed is desirable, but 
not at the expense of accuracy. 

Engineers are notoriously poor at writing reports 
and technical articles. That even 34 per cent of the 
men retained rate high is a pretty good showing. 

Under “many patent suggestions” are included 
those who have averaged 2 or more per year. Some 
men have averaged many more than that. On the 
other hand, many very valuable research men seldom 
make a patent suggestion. Work of an analytical 
character may never result in a patentable product. 

Except for a few special activities ‘‘exceptional 
design ability’”’ would not be required. If many 
research men had this trait to a marked degree they 
probably would be misplaced. 

The items under “‘training”’ are all high except the 
last, though there could well be some improvement in 
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the item of keeping records. A man who has an 
encyclopedic type of mind is likely to be weak in 
other desirable traits, particularly ingenuity. This 
percentage, therefore, is found to be low. If aman 
knows that certain information is available and 
where to find it, that is all that is essential. 

It should be noted that all of the most important 
qualities for this group rate very high. A more de- 
tailed analysis would show that if a particular indivi- 
dual is not very strong in one or more of these items 
he makes up for the deficiency by strength in others. 

All these men have received ratings in one or more 
items in each of the 3 main classes with the exception 
of 2 individuals who received ratings in 2 classes only. 


FAULTS OF MEN RETAINED 


As previously mentioned, some of the men retained 
have serious faults, but their favorable character- 
istics or abilities were so great that they were not 
dismissed. An analysis of this group under the 
same classification as for those released is given in 
figure 3. As might be expected, the patterns of 
figures 1 and 3 are somewhat similar, but the per- 
centages for those retained are considerably less, or 
even zero for some traits. 

It is particularly interesting to note that the 
“misapplication” items are reduced to a very low 
value, as should be the case if the process of elimina- 
tion were carried out properly. That there should 
be any such cases is due to exceptional conditions 
which need not be discussed here. 

The importance of “codperative ability”? is shown 
by the fact that the lack of this trait appears as zero 
in figure 3. 

Only 2 items are larger in figure 3 than in figure 1, 
namely, “‘lack of tact”’ and “‘not sufficient evidence of 
ambition.’”’ A man may be lacking in tact and still 
be so valuable that his superiors will tolerate him 
because of his strong positive virtues. This is a 
handicap to advancement however, as will be con- 
sidered later. 

A man may be very useful in his present situation 
even if he does not display evidence of ambition, 
although he doubtless would be a better worker if he 
were more ambitious. This trait also should be 
considered later with reference to the data of figure 4. 

One more factor under “‘temperamental traits” 
that perhaps should be noted especially is that the 
item ‘‘lack of initiative’ is much lower in figure 3 
than in figure 1. 

It is evident from a comparison of figures 1 and 3 
that while men may have serious faults and still 
retain their positions, these faults play a large part 
in the choice of those to be eliminated in times of 
stress and are probably nearly as important as their 
valuable traits. 


LIMITATIONS OF MEN RETAINED 


There is another analysis of those who survived the 
depression that can be made to advantage. Most 
normal men have certain ambitions and would like 
to advance as far as possible in their profession. 
Some wish for executive responsibility and others 
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wish to be consultants or experts in some particular 
field. What limitations do these men have that may 
hinder their advancement? Such an analysis is, of 
course, somewhat speculative, particularly with 
reference to the younger meu. The results of such 
an attempt are given in figure 4. The items follow 
fairly closely those of figure 1 with the elimination 
of some that did not apply since men with those 
characteristics would not have survived anyway. 
A few items have been added which were not needed 
for the data of figure 1. 

The “‘antisocial” percentages are much lower than 
for those who were released, and some values are 
zero as would be expected. The “personality 
factors’ rate rather high, particularly “lack of 
aggressiveness.” If aman does not push himself it is 
unlikely that someone else will perform this service 
for him. It is interesting to note the considerable 
percentage who display no appreciable evidence of 
ambition. This is probably a fairly true picture 
since there are certainly a good many educated peo- 
ple who, if working in pleasant surroundings, are 
quite content to let things drift along as they are. 

“Mentai capacity” and “‘physical limitations” are 
quite small in percentage and need no particular 
comment. 

Under “training,” the “failure to improve self 
technically”’ is tied up to a considerable extent with 
“lack of ambition.”’ It is perhaps a species of lazi- 
ness and certainly denotes a lack of curiosity without 
which no research man is likely to go far. 

There are certain “‘specialists’’ whose interests are 
so narrow that they are not fitted for executive duties 
involving the direction of several kinds of activities 
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Fig. 4. Qualities that would tend to limit the ad- 
vancement of men retained 
The percentages refer to the number of engineers limited by 


the particular quality considered, based upon the total number 
retained 


and who cannot become regular consultants because 
the demand for their services would be too limited. 
These men usually are reasonably content with their 
existing lots in life. 

Some further comparisons may be valuable. 
These (table II) are taken from the data of figure 4 
and therefore refer to the limitations to advancement. 
As may be seen, 10 per cent of the individuals had 
limitations in 3 of the 4 characteristics, namely, the 
first, second, and fourth. It is particularly interest- 
ing to note that 14 per cent had no evident limita- 
tions that would prevent them from stepping into 
positions of considerably greater responsibility when 
such positions become available. Some of these men 
will become impatient at the slowness of their ad- 
vancement and will seek opportunities elsewhere. 
They may meet with large success or they may find 
themselves in a hostile environment which will ruin 
their morale temporarily or permanently. 

It should be noted that figures 3 and 4 refer to the 
same men and both deal with their faults and limita- 
tions. That the results are not the same, is, of 
course, because in the 2 sets of data these men are 
viewed from different standpoints. In figure 3 they 
are considered from the viewpoint of their present 
occupations and responsibilities, while in figure 4 
they are judged on the basis of larger responsibilities 
and a different type of contact with their associates. 
The percentages are, therefore, higher in figure 4 than 
in figure 3 for the same characteristics. Also, a few 
characteristics that appear in figure 3 are omitted in 
figure 4, and a few are added that are of little or no 
importance in considering the data of figure 3. 


DISCUSSION OF RESULTS 


It is believed that the tables and figures presented 
will answer some of the questions raised in the first 
part of this paper. Of course another person making 
these ratings would obtain somewhat different per- 
centages from those appearing in the figures. It is 
believed, however, based upon checks by others, that 
the discrepancies would not be large. The tendency 
seems to be to rate the “temperamental faults’ 
even higher than given in the graphs. 

Of the men released, it is interesting to note that a 
slightly larger percentage consisted of those hired 
direct as compared with those obtained through the 
student training course. Of those who remained 
through the depression about ?/; came in through the 
student course. This is in spite of the fact that many 
of those who were hired directly for research had 
special training or qualifications for the particular 
work in which they were engaged. The number of 
men originally on the staff was about !/. of each kind. 

In a research organization it would be thought 
without analysis, that ‘“‘mental capacity” and “‘tech- 
nical training’ would be of paramount importance, 
the “temperamental traits” being of decidedly 
secondary value. These analyses indicate quite the 
opposite. It must be remembered, however, that 
those lacking in the 2 former traits are, to a large 
extent, eliminated during their school days and 
apprentice training. Many students, nevertheless, 
never should have been released to industry because 
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of their mental limitations or their different interests. 

From these analyses then, it would seem desirable 
in the training and guidance of students, to pay more 
attention to the ‘temperamental traits.” Scientists 
and technicians are influenced just about as easily by 
likes and dislikes and prejudices as any other class 
of people. No matter how brilliant a man may be he 
cannot be successful in group activities unless he can 
obtain codperation. He must have the respect and 
liking of his fellow workers. For his greatest success 
he must be sufficiently aggressive to convince others 
of the value of his activities and to some extent, at 
least, he must sell himself to his superiors. 

In order to bring out a man’s strength and weak- 
ness in codperative activities (most important re- 
search and development are now of this kind), it 
might be desirable for the schools to sponsor thesis 
and research projects that instead of involving 1 or 2 
men for each project might require a group of a 
dozen or more. Each individual might be rated on 
the basis of his effectiveness as a member of the group 
and his group shortcomings pointed out to him. 

Finally, it is obvious to those who are brought into 
close contact with technical school graduates that 
there still are many who never should have majored 
in engineering or science. The obvious solution for 
this difficulty is psychological examinations in the 
secondary schools and better guidance in the choice 
of a profession by competent advisers. The tech- 
nical schools themselves doubtless could be more 
critical in their entrance requirements and should be 
more drastic in their eliminations during the first 
year. As graduation time approaches students 
undoubtedly could be saved many future disap- 
pointments if they received more guidance in the 
selection of a vocation. A man with the tempera- 
mental traits suited to a sales engineer should not be 
allowed to choose design. A man who is a poor 
experimenter and a good teacher should be made to 
realize his points of strength and weakness before he 
leaves school and should be directed in his future 
activities accordingly. 

Most of the foregoing is obvious, but it cannot be 
stressed too strongly. This is evident when it is 
realized how far from ideal present conditions are. 
Many attempts in the way of vocational guidance 
are being made for the skilled and unskilled workman, 
but all too little is being done for the technical school 
graduate in whom there is a large investment and on 
whose shoulders more and more of the world’s 
problems are evidently soon to rest. Years are 
spent in cramming abstract knowledge into the 
students’ heads, but almost no effort is being ex- 
pended in preparing them to make the best use of it 
after they leave school. 

It is hoped that these analyses will give the young 
man entering industry, the teachers who have pre- 
pared him, and the employers who will use him a 
more accurate picture of the nature of the strength 
and weaknesses of these young men. A considera- 
tion of the importance of the temperamental traits 
may lead to greater efficiency and the elimination of 
much disappointment and perhaps suffering on the 
part of those who from time to time under present 
conditions are forced to seek other employment. 
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Ratings of Industrial 
Electronic Tubes 


To serve as a guide in the standardization of 
ratings of electronic tubes, the principal fac- 
tors involved in the choice of tube ratings 
together with the more important terms 
commonly used, are presented in this paper. 
High vacuum tubes, gas and vapor filled 
tubes, and photo-electric tubes are con- 
sidered separately, and the large number of 
factors which enter into the ratings of each 
of these 3 classes of tubes are discussed. 
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a es proper determination and stand- 
ardization of ratings of electrical apparatus is one of 
the most important and difficult duties with which 
an engineer is faced. This is particularly true in the 
case of electronic devices because of the great variety 
of applications for a given type of tube. Ratings 
here must guide the application engineer in obtaining 
maximum value on the one hand and must serve to 
determine the responsibility of the manufacturer 
in the case of inoperative apparatus on the other. 
The more important terms in use for rating vacuum 
tubes are described in this paper and the technical 
conditions governing the choice of tube ratings are 
presented. 

Ratings should always be based primarily upon the 
fundamental limitations of tubes in order that they 
may be correct under the many conditions en- 
countered in service. It is, therefore, necessary first 
to determine what elements of a tube may be inde- 
pendently or collectively subjected to damage by 
improper use and then to establish within what 
limits each may be operated consistent with the 
desired life and performance. Thus, in the case of 
rectifier tubes there are certain ratings based upon 
the ability of the cathode to provide emission, others 
upon the ability of the tube to withstand inverse 
voltage, and still others on the capacity of the tube 
to dissipate and distribute heat. 


HicH VacuuM TUBES 


Because of the greater simplicity of operation and 
the smaller number of fundamental limitations of 
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high vacuum tubes, the ratings of this type are dis- 
cussed first in this paper. Under this classification 
are considered only those tubes which have been 
sufficiently exhausted that their characteristics and 
operation are unaffected by such residual gases as 
may still be present. In practically all such tubes 
the principal consideration is the passage of a pure 
electron stream, either under or without the in- 
fluence of one or more interposed grids, from a heated 
cathode toa relatively cold anode. These simple but 
essential features involve the following inherent 
limitations. 


Cathode Ratings 


Most modern high vacuum tubes have thermionic 
cathodes of tungsten, thoriated tungsten, or oxide 
coated alloys, each having its own peculiar ad- 
vantages and limitations. For each, however, the 
electron emission increases exponentially with in- 
creasing temperature, and definite limitations must, 
therefore, be put on the heating voltage of any tube 
so as to insure sufficiently high temperature to pro- 
vide the necessary electron emission and yet pre- 
vent too high temperature. The latter would re- 
sult in early failure due to burn-out in the case of 
tungsten filaments or loss of emissive material in the 
case of thoriated tungsten and oxide coated filaments. 
While any variation from the rated cathode heating 
voltage is undesirable, a plus or minus 5 per cent 
variation is generally considered tolerable. 


Maximum Plate and Grid Currents and Dissipation 


A given cathode thus provides a rather definite 
maximum electron current which can be drawn safely 
and economically from it. This obviously intro- 
duces a fundamental limitation in any tube and is, 
therefore, a factor which should have a definite rat- 
ing. This rating is stated in terms of maximum 
plate and grid currents. 

The use of vacuum tubes in different types of cir- 
cuits results in tube efficiencies varying over a wide 
range and the heat developed at the anode varies ac- 
cordingly. In order to prevent excessive anode 
temperatures, resulting usually in evolution of oc- 
cluded gases from overheated parts, it is necessary to 
establish maximum wattages which can be dissipated 
safely as heat by the anode. Likewise, the grid or 
grids have similar limitations and where tubes are 
operated in such a manner that electron current is 
drawn to the grid, maximum grid dissipation limits 
must be observed. Incidentally, the grid dissipa- 
tion is in general higher than calculated by taking 
the product of voltage and current, since secondary 
electrons emitted from the grid diminish the grid 
ammeter reading proportionally, though do not 
lessen the grid bombardment. A grid may thus run 
red hot when the calculated input wattage is zero or 
even negative. 


Maximum Plate Voltage 


All tubes have fairly definite anode voltage limita- 
tions beyond which short life or even sudden failure 
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will occur. The cause of failure may in such cases 
be an actual glow or arc between electrodes. Often, 
however, it is loss of emission due to excessive, though 
invisible, ionization of residual gases and the re- 
sulting bombardment of the electrodes. 


High Frequency Ratings and Limitations 


In certain industrial applications, as well as in 
radio, it is desirable to use vacuum tubes as Os- 
cillators or amplifiers at extraordinarily high fre- 
quencies—of the order of 10 to 100 million cycles. 
Under such conditions dielectric losses are developed 
in the glass and other insulating materials, eddy cur- 
rents may be set up in metal parts, ionization of 
residual gases tends to persist, unusually high volt- 
ages may develop between adjacent parts and, 
therefore, ratings which are feasible at ordinary radio 
frequencies and below cannot apply. It becomes 
necessary, therefore, to rate such tubes in terms of 
frequency as well as in terms of voltage, currents, 
CLC; 


GAS AND VAPOR FILLED TUBES 


Generally speaking, all of the limitations men- 
tioned above which are characteristic of high vacuum 
tubes, apply also to gas and vapor filled or ionic tubes. 
There are, however, a number of additional factors 
introduced by the presence of gas in the tube, and, 
since tubes of this class are of primary importance 
in industrial and power fields, their limitations and 
ratings are considered in more detail. 


Maximum Average Anode Current 


These tubes all have the common characteristic of 
being able to carry relatively heavy currents across 
the evacuated space between electrodes with a 
comparatively low voltage drop. This is accom- 
plished at present by the use of thermionic cathodes, 
mercury pools, and cold cathode discharges. With 
all of these methods a certain voltage drop is set up 
across the tube. This results in losses which must 
be limited and it is, therefore, necessary to apply a 
current rating based upon tube heating. Inasmuch 
as in these devices the voltage drop is fairly constant 
for all values of current, this rating is given in terms 
of average current rather than root mean square 
current as in the case of a conductor. It is realized 
that even this is an approximation in the case of 
highly peaked wave forms. Of course, the design of 
tube conductors, such as leads, must be based upon 
the root mean square current and due to the very 
peaked wave forms which are encountered, this root 
mean square value is often many times the average. 


Maximum Instantaneous Anode Current 


In the case of thermionic cathodes, the available 
electron emission represents a limit on the maximum 
instantaneous current which may be carried across 
the space without harm to the tube. In polyphase 
circuits the instantaneous current requirement is 
often 6, and sometimes as much as 12, times the aver- 
age current per tube. Thermionic tubes usually have 
an instantaneous rating of not over 6 times the aver- 
age current rating, which is sufficient in most cases. 
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However, since neither the average nor the in- 
stantaneous ratings may be exceeded, it is obvious 
that in some circuits the instantaneous current rating 
will be the limiting factor in attempting to get more 
power out of the tube while in other circuits the 
average current maximum will be reached first. 

In the case of pool and cold cathodes the instan- 
taneous current, from the standpoint of the cathode 
is more or less limitless. Thus, some pool tubes with 
an average rating of 10 amp can carry several 
thousand amperes instantaneously. 


Maximum Anode Surge Current 


In the design of electrical equipment using tubes, 
it has been found necessary in many cases to limit 
the abnormal current flow under short-circuit condi- 
tions, as it is not always economical to design tubes 
to withstand without harm extremely high transient 
currents. The maximum permissible transient cur- 
rent is sometimes termed the surge current rating 
and is the value of transient current to which a tube 
may be subjected occasionally without causing im- 
mediate failure or affecting the life unduly. As an 
example, this current sometimes determines the value 
of reactance desirable in the transformer windings 
of a rectifier. 


Maximum Time of Averaging 
Anode Current or Load Time Constant 


Electromagnetic devices usually have a high 
thermal capacity. Thus, a motor may stand severe 
overload for a period of perhaps half an hour before 
attaining dangerous temperatures. Because of the 
necessity of keeping the internal parts light in order 
to reduce the occluded gas content, tubes have com- 
paratively low thermal capacity and, therefore, 
acquire thermal equilibrium in a few seconds or at 
most a few minutes. In the case of slowly repeating 
duty cycles it can be seen that some limit or integra- 
tion period must be placed on the time over which the 
current is averaged. 

For example, consider a tube which has an instan- 
taneous current rating of 30 amp and an average 
current rating of 5amp. Obviously it would not be 
safe to apply a load of 30 amp for one hour during 
every 6 hr, though this would allow only an average 
current equal to the average current rating of 5 amp. 
In other words, the period over which the current 
is averaged must be short enough that the highest 
temperature reached will not be in excess of that 
obtained if a steady current equal to the average 
current rating is kept on continuously. In the case 
of a tube having a 5-amp average current rating, 
this integration period, or load time constant, would 
probably be of the order of 30 sec. The maximum 
period, therefore, that the highest permissible cur- 
rent of 30 amp could be passed through the tube would 
be 5 sec out of any 30-sec period, since any greater 
value would cause the average current rating to be 
exceeded. In practice, a half-wave tube handles only 
half of each active cycle and the consideration is 
further complicated by wave forms. ‘Thus, assuming 
substantially square wave form and with half wave 
rectification, 600 half cycles of current having a maxi- 
mum value of 30 amp could be carried over a 10-sec 
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period, the current actually flowing for half this 
time. 


Maximum Peak or Crest Inverse Voltage 


Turning now to the voltage ratings of gas and 
vapor filled tubes, a great variety of circuits must 
be considered and it is necessary to get back to the 
tube fundamentals. At one time rectifier tubes were 
rated in terms of their d-c outputs, but this is mean- 
ingless except for one ratio of a-c voltage to d-c 
voltage. The fundamental is the ability of the tube 
to withstand instantaneous voltages. Thus, there 
is necessitated the maximum peak or crest inverse 
voltage rating and, in the case of tubes with grid 
control, the maximum peak or crest forward voltage 
rating as well. In obtaining the peak or crest voltage 
in any circuit it is necessary to take into account not 
only the type of circuit but also the frequency, the 
wave forms, and the presence of surges or transients 

_which may increase the voltage to which the tube is 
subjected. In the case of complicated conditions it 
is often necessary actually to test for this voltage 
by means of a cathod* ray oscillograph or a spark 


gap. 
Cathode Ratings 


For purposes of interchangeability and to permit 
of parallel operation, practically all thermionic 
cathodes are designed for constant voltage heating 
supply. The maximum and minimum currents at 
this voltage are often listed for calculation of 
efficiencies and design of heating transformers. 
Emission and life vary greatly with variations in 
filament temperature and hence with filament volt- 
age. Thus, an overvoltage shortens life somewhat 
and undervoltage reduces the emission of the cathode, 
which may result in a change in tube characteristics 
or even immediate failure. It is, therefore, desirable 
that the heating voltage be kept as constant as 
possible and at least within plus or minus 5 per cent 
of normal, particularly where the voltage fluctua- 
tions are slow. It is always recommended, however, 
that the voltage be too high rather than too low, as 
overvoltage seldom results in rapid failure. 


Cathode Heating Time 


It requires a certain length of time to bring 
thermionic cathodes up to temperature. Attempts 
to draw current prior to the time that operating 
temperature is reached often results in harm to the 
tube. Simple, unshielded filaments are much quicker 
heating than enclosed filaments or cathodes. Thus 
the heating time varies from a few seconds, in the 
case of the former, to as high as 30 min, in the case 
of the latter. The slower heating cathodes are more 
efficient; therefore, there is always a compromise in 
the design of cathodes between efficiency and heat- 
ing time. It is necessary to know the heating time 
of the cathode and provide either manually or with 
relays for the delay in application of anode voltage. 


Tube Heating Time 


In the case of mercury vapor tubes it is necessary 
to raise the mercury temperature to a point that will 
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produce a vapor pressure sufficient to carry the cur- 
rent properly. The coolest point of the tube deter- 
mines this pressure. Thus, a filamentary cathode 
mercury tube might have a cathode heating time of 
5 sec but a tube heating time of 5min. Tube heating 
time varies with the thermal capacity, ventilation, 
cathode watts, external heating, and with the type 
of circuit. Likewise, the characteristics of mercury 
vapor tubes vary with tube temperature and in the 
case of critical circuits or wide temperature variations 
it is often necessary to maintain the temperature 
constant by means of thermostatic devices. In rat- 
ing mercury tubes it is, therefore, necessary to es- 
tablish temperature limits. These were first given 
in terms of the ambient temperature but confusion 
resulted due to the fact that the relation between 
ambient and condensed mercury temperature, i.e., 
minimum bulb temperature is not constant. It 
varies greatly with the ventilation and with load. 
Temperature limits of tubes are now being given 
more and more in terms of condensed mercury tem- 
perature, and it is left to the application engineer 
to relate this properly with ambient. 

The teniperature characteristics of pool cathode 
tubes are substantially equivalent to thermionic 
cathode tubes except that the cathode requires no 
heating time. 

On the other hand, inert gas filled tubes have char- 
acteristics substantially independent of tube tem- 
perature and are ready for operation as soon as the 
cathode has attained its normal temperature. 


Tube Voltage Drop 


It is necessary to establish the voltage drop across 
tubes in order to serve as a basis of efficiency calcula- 
tion and for transformer design. In cold cathode 
gas discharge tubes this is rather high, often being 
in the neighborhood of 100 volts, while in the case of 
hot cathode tubes it ranges from 5 to 30 volts. Pool 
tubes have drops of from 10 to 30 volts. Drop, in 
the case of mercury tubes, is a function of tempera- 
ture, and it is, therefore, possible and sometimes de- 
sirable to operate a tube at a high temperature for the 
purpose of reducing the drop and consequently the 
losses. Drop also varies slightly with current and in 
calculating efficiencies this must be taken into ac- 
count. Thus, a 6-phase rectifier supplying 600 amp 
demands approximately 600 amp from each tube in 
turn. The drop used here should be that for 600 amp 
rather than for the average value of 100 amp. 


Starting or Control Characteristics 


In the case of ionic tubes having grids, the control 
characteristics are of utmost importance. In this 
type of tube there is a critical grid voltage for each 
anode voltage at which current starts to flow. This 
may be either positive or negative. (It should be 
remembered that with this type of control the 
stoppage of current is usually not accomplished by 
means of the grid.) Ratings usually include the 
critical grid voltage at a low anode voltage, such as 
100 volts, and at the maximum rated voltage of the 
tube. In the case of negative control tubes the zero 
grid starting voltage is also usually given. 
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Grid Current Ratings 


Another fundamental characteristic and limita- 
tion of ionic tubes is based upon current drawn by 
the grid. Grid current limits fall under 3 general 
classes: (1) Grid current before starting; (2) 
minimum grid current after starting; and (3) maxi- 
mum rated grid current after starting. The first 
2 are more properly characteristics than ratings and 
in general the lower values will be associated with 
superior tubes. These characteristics are best il- 
lustrated by a family of curves showing the variation 
with voltage, tube temperature, anode current, and 
circuit conditions. 

The maximum rated grid current after starting, 
like the anode ratings, is expressed in terms of the 
average current, based upon grid heating, and in the 
case of hot cathode tubes, in terms of the instan- 
taneous current based upon the added current re- 
quirement from the cathode. 


Deionization Time 


In many types of applications of ionic triodes, 
particularly in inverter circuits, the time required 
for the grid to regain control after current inter- 
ruption is of fundamentalimportance. This interval 
during which a grid voltage, more negative than the 
critical value, fails to block off the anode current is 
termed the ‘‘deionization time.’’ This is ordinarily 
of the order of microseconds, and is a function of 
tube geometry, condensed mercury temperature, 
plate and grid currents, plate and grid voltages, and 
of regulation of the grid circuit. It is, therefore, 
rather meaningless to specify a given value for the de- 
ionization time of any tube without limiting the 
conditions under which it applies. A complete de- 
scription of this characteristic can only be given by 
means of a family of deionization time curves. 


PHOTO-ELECTRIC TUBES 


While photo-electric tubes have found rather large 
and varied fields of application, their fundamental 
limitations are relatively very few and consequently 
the matter of ratings is correspondingly simpler 
than in the case of other industrial tubes. 


Maximum Anode Voltage and Current Ratings 


Photo-electric tubes are essentially of 2 types— 
high vacuum and gas filled. In the high vacuum 
type there is a limit to the maximum anode voltage 
which may be applied without the development of 
undue leakage over the insulation between electrodes 
or breakdown of residual gases which may be in the 
tube. There is also a limit to the maximum anode 
current. Practically, however, these limitations are 
far beyond any ordinary requirement. 

In many photo-electric tubes, an inert gas is used 
and the sensitivity may thereby be increased several 
fold due to gas ionization. Such tubes have a quite 
different anode voltage rating from the high vacuum 
type. This is because a glow discharge will take 
place between electrodes at about 100 volts with gas 
pressures which are otherwise optimum, and this in 
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turn results in rapid deterioration of sensitivity. 
It is necessary, therefore, to establish a rather low 
but definite upper limit, ordinarily not over 100 volts, 
to the anode voltage which may be applied to the gas 
photo-electric tube. Since the glow voltage is also 
a function of intensity of illumination, it is also re- 
quired that a high resistance be used in series with 
the voltage supply, thus dropping the applied anode 
voltage as the photo-electric current increases. 


Maximum Ambient Temperature 


In the more sensitive type of photo-electric tubes, 
operation at relatively high temperatures results, 
first, in a loss of photo-electric sensitivity and second, 
in the beginning of thermionic emission from the 
cathode. This latter effect makes a part of the total 
current independent of illumination and is, therefore, 
objectionable. It has been found necessary, there- 
fore, to limit the maximum temperature to the order 
of 60 deg C. 


Sensitivity 


The sensitivity of photo-electric tubes, while 
more of a characteristic than a rating, is expressed 
in terms of microamperes short-circuit current per 
lumen of incident radiant flux. The luminous 
tungsten sensitivity is the sensitivity with the tube 
subjected to a tungsten filament at specified color 
temperature. A standardized temperature for the 
filament of the test lamp is 2,870 deg absolute. 


STANDARDIZATION OF THE 
DIFFERENT TYPES OF TUBES 


No one doubts the value of and necessity for stand- 
ardization of ratings of electrical equipment. It is 
particularly important in the case of tubes as they 
are usually replaceable items of equipment. Ob- 
viously, lack of standardization of base and outline 
dimensions, voltage and current levels and general 
electrical characteristics must lead to a great number 
of unnecessary tube types which would, of course, 
be detrimental to the art. 

In considering different sizes of tubes it is sug- 
gested that all ratings, so far as practicable, and 
particularly average current ratings, should fit into 
a “preferred number” system. (See ‘‘Standardiza- 
tion and Profits Aided by Preferred Numbers,” 
R. E. Hellmund. Elec. World, v. 104, 1934, p. 208- 
11.) Preferred numbers are based upon a geometric 
progression and have been found valuable in prac- 
tically all types of standardization. It is, of course, 
necessary to divide the tube field into classes, such as 
high voltage control tubes, low voltage control tubes, 
high voltage rectifiers, low voltage rectifiers, each 
group being further divided into both the high 
vacuum and gas filled types, but within a given 
classification the use of the preferred number system 
will minimize the number of improperly spaced types 
of tubes. 

The actual standardization of tube ratings by 
technical committees has only just started and it is 
Hog that this paper may serve as a guide for this 
work. 
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Resistance and Reactance 


ot 3-Conductor Cables 


The resistance and reactance of 3-conductor 
cables under balanced 3-phase loads have 
been studied in a series of tests in different 
laboratories, and the results are presented 
in this paper. Values of these constants 
are given for different types and sizes of 3- 
conductor cable, and the effects on the 
constants of several different factors are 
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eer data have been 
lacking covering the combined action of skin effect, 
proximity effect, and sheath losses in the determina- 
tion of the effective a-c resistance of multiple conduc- 
tor cables. With the advent of multiple conductor 
cables of the larger conductor sizes, the need for in- 
formation concerning the probable losses in these 
cables became imperative. 

Early in 1930, W. H. Cole of the Edison Electric 
Illuminating Company of Boston (Mass.) called at- 
tention to certain difficulties which had been ex- 
perienced in the parallel operation. of belted and 
shielded types of 3-conductor cables. As a conse- 
quence of these troubles measurements were made of 
the resistance, reactance, and impedance of 2 in- 
stalled lengths of cable each about 57,000 ft long. 
The results of these measurements indicated values 
considerably in excess of those normally assumed in 
line calculations. 

These conditions were called to the attention of 
the manufacturers involved and of Electrical Testing 
Laboratories with the immediate result that hurried 
laboratory measurements were made on various 
lengths of cable available. The results, in general, 
confirmed Mr. Cole’s findings, though the values of 
Full text of a paper recommended for publication by the A.I.E.E. committee 
on power transmission and distribution, and scheduled for discussion at the 
A.1.E.E. winter convention New York, N. Y., Jan. 22-25, 19385. Manuscript 


submitted Sept. 25, 1934; released for publication Sept. 27, 1934» Not published 
in pamphlet form. 


* On behalf of a committee of the Insulated Power Cable Engineers’ Association, 
composed of: R. J. Wiseman, Chairman, W. A. Del Mar, G. B. Shanklin, and 
D. M. Simmons. 


DECEMBER 1934 


effective resistance obtained were somewhat lower 
than those reported by Mr. Cole. 

An investigation was then undertaken by Electrical 
Testing Laboratories on behalf of the high tension 
cable committee of the Association of Edison Ii- 
luminating Companies, and the Insulated Power 
Cable Engineers’ Association on behalf of the cable 
manufacturers. The work reported herein is a re- 
sult of the codperative efforts of these 2 groups. 

The investigation included the determination of 
the constants of belted and shielded types of cables 
with 167,000 to 1,000,000-cir-mil conductors and 
with several different thicknesses of insulation. 

A description of one of the test methods used and 
the results of the various interlaboratory and field 
checks made to assure reliability of these results are 
given in the appendixes. 


RESULTS OF TESTS AND INVESTIGATIONS— 
1. CONSTANTS OF 3-CONDUCTOR CABLES 


The original schedule of testing contemplated 
making practically all measurements on dry or un- 
impregnated cable because most of the test speci- 
mens had to be manufactured specially for this in- 
vestigation and it was felt that considerable economy 
could be effected if the work could be done on dry 
cable. Accordingly, the first group of samples sup- 
plied were unimpregnated but were otherwise stand- 
ard commercial cable. 

In the course of the determination of the magni- 
tude of proximity effects between conductors, a test 
was made on the stripped cable and then the conduc- 
tors were spread 17 in. apart on the apexes of an 
equilateral triangle and a second test made. A 
marked decrease in effective resistance was noted 
when the conductors were separated 17 in. in the 
manner indicated, at which distance all proximity 
effects should be negligible. However, when a piece 
of impregnated cable was tested in this manner, 
little or no change was obtained in the effective re- 
sistance of the conductors. 

This indication of an apparent effect due to im- 
pregnation was first checked by crudely impregnating 
the conductors of a piece of dry cable and repeating 
the tests on the impregnated cable. The result 
tended to confirm the findings as to the effects of 
impregnation. Asa final check, 2 15-ft pieces were 
cut from one of the samples of dry cable, one re- 
returned to the factory for regular factory im- 
pregnation and the second held for tests in the dry 
condition. The results of these tests were definite 
in their indication that all measurements should be 
made on cable which has been dried and impreg- 
nated in the usual manner. 

When this conclusion was reached, 20-ft pieces 
were cut from all of the unimpregnated samples and 
returned to the various manufacturers for factory 
drying and impregnation. The bulk of the results 
reported herein are, therefore, those obtained in 
tests of the impregnated cable. As such they are 
believed to be representative of the characteristics 
of the normal run of cables as now manufactured. 

The cables tested may be divided into 2 general 
classifications according to the conductor shape, 
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Fig. 1. Typi- 
REACTANCE cal curves of 
— a-c_ resistance 
and reactance 
of shielded 
cable with 
magnetic 

binder tape 


MICROHMS PER FT 


O 100 200 300 400 500 700 800 
CURRENT LOAD — AMPERES PER PHASE 


Description of cable: 3 X 700,000 - cir-mil round conductor 
290 mils, impregnated paper insulation; 141 mils, lead sheath 


i. e., round and sector. Under each of these classifi- 
cations there were cables of 3 different types of con- 
struction, namely, the belted construction, the 
shielded cable with the steel binder tape (magnetic) 
and the shielded cable with each of several non- 
magnetic binder tapes. (A description of these 
different types of construction is given in a later 
section “5. Parallel Operation of 3-Conductor 
Cables” of this paper.) 

Certain types of results were soon recognized as 
typical of the various types of cable under test. 
Table I and Fig. 1 show such typical results. It was 
noted that the resistance and reactance versus cur- 
rent characteristics were practically horizontal 
straight lines for all nonmagnetic cables. The only 
deviation from the straight line appeared to be due 
to heating of the cable as it was loaded. However, 
the introduction of a steel binder tape changes the 
shape of these curves to those typical of circuits 
containing magnetic materials. This means that 
for complete information on the several types of 
cable it is necessary to show the complete range of 
data at various currents. In normal use, however, 
the values of most interest are those corresponding 
to full load operating conditions. In the preparation 
of summary tables the cable constants at a single 
current load have, therefore, been given, approxi- 
mately, the maximum operating load. Furthermore, 
since it is in most cases more convenient to deal with 
the effective resistance as a ratio to the d-c resistance, 
only such ratios have been given. 

Table II is a summary of all the available results 


of measurements made on the various sizes and 
types of cables. This table includes measurements 
made in all the various laboratories. In Fig. 2 isa 
graphic presentation of the various data on effective 
resistance, while Fig. 3 presents the results of the re- 
actance measurements. In preparing these charts 
the results for the various types and conditions have 
been identified though only limit curves have been 
drawn in most cases. 

In connection with certain check measurements 
made in cooperation with one of the cable manufac- 
turers, attention was called to an unexplained | 
condition noted in their tests, namely, that the 
effective resistance apparently differed with the 
phase rotation of the current. Further investiga- 
tion confirmed this effect and appeared to show that 
it was inherent in the cable and was independent of 
the test or supply circuits. It was found that where 
the current phase rotation agreed with the rotation 
of the conductors due to lay (viewed from the supply 
end) the effective resistance was approximately one 
per cent higher than where the current phase rotation 
was opposite to the rotation of the conductors. 
However, theoretical considerations seem to indicate 
that losses cannot be dependent upon the direction 
of energy flow and thus an explanation of the 
effect of direction of phase rotation would require 
further investigation. The data reported herein 
are average values taken from direct and reversed 
measurements at each current value. 


2. THE EFFECT OF FREQUENCY 
ON CABLE CHARACTERISTICS 


In connection with the early work on the dry 
cables a study was made of the effect of frequency 
on the cable characteristics. In this study the cable 
constants were determined by the 2-wattmeter 
method at a given balanced 3-phase current load 
over a range of frequencies from about 20 cycles per 
second to 62.5 cycles per second. These measure- 
ments indicated a straight line variation with fre- 
quency for both the effective resistance and react- 
ance, the effective resistance increasing from a value 
equal to the d-c resistance at zero frequency and the 


Table I—Typical Results on Shielded Cable, Magnetic Binder Tape, With and Without Sheath 
Reactance and A-C and D-C Resistance in Ohms per 1,000-ft of Conductor 


Three-Phase Current Load—Amperes per Phase 


Surface 

100 200 300 400 500 600 700 Temp. 
Cable Complete 
escent ls osccud: O.053 1 ee Orasze mba 0.0948, eae Ol0s4se nee ee Ovosd6ne eee 0.0344 0.0341 
A-cresistance 1.0.2.2... ONOIS Tie eee On01SL ea See OMIT b hm! Sabie OFOLG08 eee 050100 See 0.0190..........0.0192 Se 
Decvessance <6.-)...:. O01bes ae: G0lsae ss ae O.Ols4 ee 015 bt. ee oe. TG SE Set 0,0158. eee 0.0160 Finish, 
Ave res./d-c res. .......... Ve2o' Hye ek 124 Leth Bien Wy ee Ae {ios Migs (ete Theo ae) Ne 1.21 eee eeeeee 1.20 28.00 
Minus Lead Sheath i 
ectanceer ih) 6.) x3. MISE? eee eee 0.0342 ca a 0.0349. 0.0349 0.0347 0.0344 

Parisnihes0 OSEOL nate & HOSA wnddaeee tee OSPR. shan Oe OSA4: sete eee 0.0342 ¢ 

A-c resistance Sec eee ta 0 0179 sista teen tees ULOUSS cha ccenc OVOLS6 esac ONOLS5. eerie § OROLSS ea. See OLOLS3ae ee 0 mee Be. 
D-c resistance ......... O,61sb ee Oise ter eae O.O1seeeaee te OL01ST ey ee Clits CLOLSS eee 0.0161 Finish, 
a. Sy) ied cr geet: lest, MEAS it ne ie Caan isan S EF aes i I meee ee al 1215 eee Le 30.0C 
Munussbead:cheath and: oteelBinderTane- © = 9 = oe 
Meicranoe k). sc. O:0814 Sekt GR ICT teak Re 0103145 aes 0.0214 een 0.0314... 0 
A-c resistance .......... M0100) =. cas d, 00160 .g.ua COR ate O201G0 Ean Be ice D070; i ore ee 0.0173 D4. 1; 
D-cresistance .......... CINCO tog O.016b hee ee O:0166, fen O0isGas eee O:O1s van eee ie 0. 0Ube tin 6 ee 0.0160 Finish, 
Recines)/0- £08).5 oe. oi + ame 23, / Loo este ees 1L0O areata aie 1600 MONE cree 1209S Seciah ail 108 ae iain 1.08 pane 


Description of Cable—3 X 700,000 cir mils, round conductor; shielded, steel binder tape; impregnated paper, 220 mils; 
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lead sheath, 141 mils 
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reactance being directly proportional to frequency. 
The results of a typical set of tests are shown in 
Fig. 4. 


3. PROXIMITY EFFECTS IN ADJACENT CABLES 


The values of a-c resistance indicated by labora- 
tory tests were in the most cases lower than the values 
shown by the early field tests on long lengths of in- 
stalled cable. It was suggested that possibly one 
reason why the field tests showed the higher values 
was that there were induced currents set up in ad- 
jacent cables in the duct banks. Such proximity 
effects would, of course, be reflected as higher losses 
in the cable under test. 

In order to ascertain the probability of such an 
explanation a series of tests was run on samples of 
3-conductor 700,000-cir-mil cable, each about 20 
ft in length. A given sample was first placed in 
position and tested in the normal manner with no 
metallic bodies nearby. Then, without disturbing 
the cable under test, other pieces of similar cable were 
laid parallel to the test sample with 6 in. between 
centers. The cables laid parallel to the test sample 
were, of course, insulated from the test sample in 
order to prevent circulating currents which might 
exist due to possible unbalance in the short length of 
cable under test. 
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CONDUCTOR SIZE — THOUSANDS OF CIR MILS 


Fig. 2. 60-cycle effective resistance of 3-conductor 
cable at 30 deg C, expressed as a ratio to the d-c 
resistance 


The results of these tests are shown in Table III 
and appear to indicate that under normal duct 
spacing of 6 in. between centers the proximity 
effects between cables are negligible. However, 
when the distance between cables is decreased to 
3.5 in. an appreciable influence begins to be evident. 


4, MECHANICAL FoRCES BETWEEN 
ConpbucTOoRS UNDER SHORT-CIRCUIT CONDITIONS 


At the time of this investigation of cable char- 
acteristics, one of the laboratories, as a part of this 
investigation, studied the mechanical stresses de- 
veloped in the binder tape of 3-conductor shielded 
cable under short-circuit conditions and their re- 
lation to the tensile properties of the tapes being used. 
This problem has been approached both from the 
theoretical and from the experimental side with 
much the same result. 
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A study of the field conditions surrounding the 3 
conductors has indicated that under a phase to phase 
short circuit in which the current reaches a value of 
20,000 amp the force to be resisted amounts to about 
250 Ib per foot of cable (8 X 350,000 cir mils, 220 
mils insulation on each conductor). , Assuming this 
force to be resisted by a binder tape one inch between 
turns, the stress in the tape would be of the order 
of 3,500 Ib per square inch. The force exerted will 
vary as about the square of the current so that even 
under short-circuit currents of twice this magnitude 
the forces encountered would be effectively re- 
strained by a tape binder of any of the materials 
now being used. In fact, the lead sheath alone would 
probably provide sufficient strength to resist these 
forces. 

In order to check the above conclusions a series 
of tests was run in which various cable samples 
were submitted to momentary overloads of ap- 
proximately 12,000 amp. This current was caused 
to flow through one conductor in one direction and 
back again in the opposite direction through the other 
2 in parallel. Tests were made on each of 3 speci- 
mens of 3 X 350,000-cir-mil shielded cable—one 
with a steel binder tape, one with a wire stitched 
cloth binder tape and one with a butt-wound 7-mil 
paper binder tape. All were provided with a 125-mil 
lead sheath. 

Each sample was subjected 3 times to the 12,000- 
amp momentary load. After each test the sample 
was examined carefully and measured for signs of 
movement. In no case could any perceptible move- 
ment of the conductors be detected. 

The lead sheath was then removed from each 
sample and the binder tape tied at each end to pre- 
vent unwrapping. Each sample was again sub- 
jected to 3 12,000-amp tests and again there was no 
preceptible movement of the conductors. 


5. PARALLEL OPERATION OF 3-CONDUCTOR CABLES 


Since difficulties in the parallel operation of 3- 
conductor cables were the underlying cause for this 
investigation, it appears proper to treat here of those 
inherent conditions which will always be encountered 
when such cables are installed for parallel operation. 
Belted cable is the oldest type of 3-conductor cable 
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Table II-—A-C Resistance and Reactance of 3-Conductor 
Cables Under Balanced 3-Phase Load 


Values Taken at an Average Conductor Temperature of 30 Deg C 


Thick. Thick. Effective 
of of  Resist., 
Shape Insu- Lead Ratio to 
Cable Type of of lation, sheath, D-C React- 
No. Construction Conds. mils mils Resist. ance! 
3 X 167,000-cir-mil (3/0 A.w.g.) cables, 200-amp load 
1 ..Shielded-steel binder ..Sector... 313 eel 25a 04) aye O204:75 
3 X 350,000-cir-mil cables, 300-amp load 
2 ..Belted ..Round...440 X 267. .125....1.06 ....0.0336 
3 ..Belted ..Sector ...562 X 500. .141....1.04 ....0.0430 
4 ..Belted ..Sector ...440 X 344..125....1.05 ....0.0328 
5 ..Shielded steel binder ..Round... 220 e125. OS tO, 0590 
6 ..Shielded steel binder ..Sector... 350 PR L410 el 05, a OR O488) 
7 F LA “9 i 7 eWeCtOL ...¢ DOOM leben 06a 0418 
8 - ie oa ..Sector... B45 wala diene OS OnO44 7; 
9 i uC = te @ector :... 345 PlZORR Len 
10 : ty 4 ..Sector... D220 ee 125 ae Le OOme te OL0406) 
11 a /.Sector..., 345 eon Bs ocie ott Wel 
12 iP g on =» -wector ... 220 nel25. ol 064226. 0.0591 
13 Shielded copper binder. .Round... 220 le Dismal AOOm EEO OSaa 
14 a vs Se AR OCCLOE ora 350 Ag © acre 
15 + fs eG ewector 2.2 281 wd Sonus LOG 
16 ao fe fe SE DeCtOrisen 345 pel Qo ene le OOM O0S60 
IWS. ee es eS OCCLOL ».7, 220 Ase ne lO an cays 
18 ..Shielded bronze binder. .Sector... 345 Bolo beerale OSs ere On0a ty 
19 ..Shielded cloth binder ..Sector... 220 A Aig Soca OGY 3.5 cORUBY-B) 
20) =. ss % Mi PE OeCLOL is. 345 Ro On OOM OE OSIO: 
21 ..Shielded paper binder ..Sector... 220 pe L2b eel Ore On0S20 


3 X 500,000-cir-mil cables, 400-amp load 


22 ..Shielded steel binder ..Sector... 345 EL OD eee: Oy, 0404 
23 : ss a w . sector... O40) nL Z5k an he ls, 
24 - ie < = -DeCtOr we. 220 ea arle 09 EO 20880 
25 ‘* s .. Sector... S45 lionel. Ul oe 0), 0420) 
26 is Ss oF . Sector... 2205.) setae Gi O0869 
27 é bd = ..sector... 345 pre 04: meme Gen A) 
28 i sf s . Sector... SiOn Mir l2 bt tele 7, 
29 Ue Mg . sector... 375 elo ae te 
SON <4 oa a4 . Sector... 220 ...125....1.094....0.0362 
31 ..Shielded paper binder ..Sector... 375 HELO atk O09 
OD ice me ° Sa OECtOL st. 375 +125 1.08 
Stil Ae oe st So x DeCtOS 5 375 Pld aateeleLO) ase OlOood 
ay a HE * (Oe DeCtOr <5 375 LZ deal LO aperrsOnOso9 
Sli her ne ne SOP Fats DCCCOL ay. 220 125. ...1.0754. . 0.0302 


3 X 600,000-cir-mil cables, 500-amp load 


36 ..Shielded steel binder ..Sector... 220 i Bs Tater dat Os Reeseeaet URL Kara 
37 “ a % PRE CEOR och, 220 M25 eo. pleee 

3 X 650,000-cir-mil cables, 500-amp load 
88 ..Belted meector. cS %254.0020.4. 0. 1,13). 2...0.0251 


3 X 700,000-cir-mil cables, 600-amp load 
39 ..Belted .-Round...440 X 267. .141....1.182....0.0318 


AOD 35. pe ROU). ,440) X 267 6.14125. 71-18 2 5..0,0812 
Api.) os: . Sector ...440 X 344..125....1.162....0.0296 
Cs . Sector ...440 X 344, .125....1.12 ....0.0290 
43  ..Shielded steel binder ..Round... 220 Aa Lota ONOSoS: 
44 ie e as ..Round... 2205 el aloe ea) eee O03 
45 SS - * seOectOn ae. 220 Peel Alpe LoL GO) eee OROSSZ, 
46 : " S » sector .., 220 12D aaah se OS0SDS: 
47 2 bs as . sector... 220 ZO sprue Lo: ee OOS, 
48 : us ot eR OeCtor a... 2200 ea Lae oa ee OROSD4: 
49 4 a: . sector... 220 See 2O nee at oa ONOSDO 
50 : : “4 . Sector... 220 Paeoieia Leake 
‘ay amen aS “ i‘ ».oector:... 22008 ls eee 4h 040869 
52  ..Shielded copper binder. .Round... 220 ola Lee el AO we OnOS09 
GNY ae ss oS Rete ROUT ae 220M AAI ae Or ew OROS LS 
i ae * at %) ees DCClORn.. 2 220 12655281510 
DD re ss S bo ee KeCltOn cy 220 125. te LO 
56 ..Shielded brass binder ..Sector... 220 125 eee eee O289 
»Sector .... 220 U2 bya Lk veri O OL OG 


57  ..Shielded paper binder . ee 
: se ss SRT SeClOn es 220M eat coere ale Loan sOs0293 
3 X 750,000-cir-mil cables, 600-amp load 


59 ..Shielded steel binder ..Sector... 220 Sa Oaee lot WOSa2 
6Oos.. s es oy ~.sector ... 220 P25 ites o Lal ee OnOS 28: 
all” Was ce “e PSeCton.,... 219 125....1.242... .0.0329 
O25. = ue S =e OectoOr., 219 L257 cr ak 19) ee 00361 
OSir x. f ss se DeCtor... 219 PSI & Aas HST BSS 

G4) or os a aH . Sector... 220 125....1.144....0.0338 
65 ..Shielded nicaloi binder. .Sector ... 219 eee PARE; Gale E) 

66 ..Shielded copper binder. .Sector ... 220 hone os oa One e 
O7en ss < BP eoectornr. 219 lon ar heal ONOLSO, 
68 $2 es = RD EClOL a. y 219 5 NP 5 aA Ke) 

69 .. f sy See SCCLOL Ge 4 2205 eel 25 ee alone 010287; 

3 X 1,000,000-cir-mil cables, 750-amp load 

70 ..Shielded steel binder ..Sector... 220 Pnat Niy Gomeree! tng KL ese pie P| 
71 by ka 5 pa eCtor <4. 220 GY ee 5 fee ..0.0314 
7 - .oector ... 219 LOG Menkes. PPO OSLO. 
73 ..Sector... 219 MOO tered AS yee OeO Soy. 
et s y es . Sector .. 219 2 LOGs one LL OF. oO s0BSS: 
75 ..Shielded everdur binder..Sector ... 219 aL OO ered co Drarces ONS 7.4: 
76 a Sa eMCCLOL 1, 219 LOO pee MoO sa OL OLS 


1. For numbered references see adjacent column. 
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and consists of 3 conductors, each insulated, cabled 
together and wrapped with a belt of additional 
insulation. This structure is then enclosed in a 
covering or sheath, which in the case of impregnated 
paper insulated cable is usually of lead. Due to the 
nature of this structure, 3 insulated conductors with- 
in a sheath, the electrostatic field is quite compli- 
cated. Similarly, the geometry of the thermal field 
is not simple; however, the heat losses from the 
conductors and the insulation must pass through 
the body of the insulation to the sheath. 

On the other hand, the shielded cable, which con- 
sists of 3 insulated conductors each covered with a 
copper shield, cabled together, bound up with a 
metal tape and finally sheathed, has a relatively 
simple field conformation. The copper shields serve, 
first, to give a configuration to the electrostatic 
field which is essentially that between concentric 
cylinders (i. e., radial) and, second, to aid in conduct- 
ing heat losses from the body of the cable to the 
sheath. At the same time (and in consequence of 
the foregoing) the thickness of insulation between 
conductors and sheath is usually somewhat less than 
in the belted type of cable. This increased ability 
to dissipate the internal heat losses makes it possible 
to assign a higher rated current-carrying capacity 
and a higher maximum permissible operating tem- 
perature to a shielded cable of a given size than to a 
belted cable of the same conductor size built for 
operation at the same system voltage. 

The measurements made in this investigation 
show that shielded cable has an inherently greater 
impedance than belted cable. When the copper 
ground shields are built into a cable the thickness 
of insulation on each conductor is necessarily some- 
what greater than in the belted type of construction. 
This means a greater spacing between conductors 
and consequently an increased inductive reactance. 
In cases where the binder tape is nonmagnetic this 
increased reactance causes an increase in the im- 
pedance of the order of 2 to 4 per cent above that of 
the corresponding belted cable. However, when a 
steel binder is used the resulting impedance is from 
10 to 20 per cent above that for the belted cable. 

When cables are operated in parallel the load will 
be divided in such manner as to cause the total 
voltage drop in each cable to be the same. For the 
most economical operation, each cable should take a 
share of the load which is in the same proportion to 
its rated current-carrying capacity, especially as the 
full rated load condition is approached. Cables for 
parallel operation should be so designed as to satisfy 
this condition as far as possible. 

The curves in Fig. 5 illustrate how the voltage 
drop at rated current for 15-kv cables of various con- 
ductor sizes differs for different constructions. 
The increase in the drop in the shielded nonmagnetic 
type above the belted type is due principally to the 
inherently higher current capacity for a given copper 
temperature. The still greater increase in the 


shielded magnetic type is due to the increased 
inductive reactance. 


1. Reactance in ohms per 1,000 ft at 60 cycles, to neutral. 
2. Dry cable, i. e., cable which had not been impregnated. 
3. Special cable constructed with enameled strands. 

4. All strands laid in same direction; each layer crushed. 
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These curves also show which particular cables 
as to construction and size will operate economically 
(i. e., carry their proper share of the load) in parallel 
with an existing cable. For example, suppose it is 
proposed to install a cable in parallel with an exist- 
ing 350,000-cir-mil 15-kv cable of the shielded type 
with magnetic binder. It is shown in Fig. 5 that 
the voltage drop to neutral per 1,000 ft of this cable 
is 15 volts when carrying rated load. If the new 
cable is to be of the same length, then it is evident 
that the corresponding drop in it when carrying its 
rated load must also be 15 volts per 1,000 ft in order 
to have proper division of the total load between the 
2 cables. Reference to Fig. 5 shows that the follow- 
ing cables fulfill this requirement: 


145,000 cir mil (approximately 2/0 A.w.g.), belted 

225,000 cir mil (approximately 4/0 A.w.g.), shielded, nonmagnetic 
350,000 cir mil, shielded magnetic 

535,000 cir mil (approximately 500,000), shielded, magnetic 


Thus there are 4 cables which will give just the 
same drop as the original cable with proper division 
of the load. However, for all practical purposes 
any size of shielded, magnetic binder cable from say 
300,000 to 600,000 or 700,000-cir-mil cable could 
be used. But if it is desired that the new cable be 
of the shielded type with nonmagnetic binder, then 
for any size materially larger than 225,000 cir mil it 
would be necessary to install a reactor in series with 
the new cable to get a proper division of the load. 
Similarly, still more reactance would be required 
with a belted cable materially larger than 145,000 
cir mils. 

On the other hand if the existing cable is of the 
belted type and larger than about 200,000 cir mils, 
a reactor must be added to it if proper division of 
load is to be had with a parallel cable of any other 


type. 
These considerations suggest that: 


a. Since magnetic forms of binder have been found unnecessary for 
strength purposes, only cables which do not employ magnetic ma- 


terials be installed in new installations except, of course, where there 
are special conditions which justify or require the use of magnetic 
material. 


b. Where a new cable is to be installed in parallel with an existing 
cable and one of the same conductor size will provide the desired 
additional capacity, it be of the same type as the existing cable. 


c. Where a new cable for installation in parallel with an existing 
cable is to be of a different conductor size or construction, a study of 
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the conditions along the lines indicated above is necessary to make 
the best selection. 


6. STUDY OF COMPONENT LOSSES 


In the majority of cases the component losses 
were determined during the laboratory measure- 
ments by first determining the total loss of the com- 
plete cable sample, then repeating these measure- 
ments in order after removing the sheath, metallic 
binding tape (if any) and, in some cases, finally 
separating the conductors. Space does not allow 
detail presentation of these data but representative 
results will be discussed briefly and compared with 
theoretical calculations. 

Cable without magnetic binder will first be con- 
sidered. It is possible in these cases to make direct 


Table III—A Study of Proximity Effects Between Cables; A-C to D-C Resistance Ratio 
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comparison between measured and calculated results 
since the magnetic field is geometrical and un- 
distorted. 

The total losses of 3-conductor cable consist of the 
following component parts: 


Conductor loss at zero frequency. 
Skin effect loss in conductor. 
Proximity loss in conductor. 
Shielding tape loss (if any). 
Metallic binding tape loss (if any). 
Sheath loss. 


ms anes 


For all practical purposes these component losses 
are directly additive and can be calculated separately. 
The method of conducting the calculations will be 
outlined briefly and necessary references made. 

Skin effect loss has been fully dealt with by Dwight 
(“Skin Effect and Proximity Effect in Tubular 
Conductors,”’ A.I.E.E. TRrans., v. 41, 1922, p. 189- 
95). A. W. Evan later published curves based upon 
Dwight’s work (p. 250 of ‘‘A Set of Curves for Skin 
Effect in Isolated Tubular Conductors,” G. E. Rev., 
v. 33, 1930). As an approximation the skin effect 
of a sector conductor is assumed as equal to that of a 
round conductor of the same cross section. 

Proximity effect loss has also been dealt with by 
Dwight (p. 535 of “Proximity Effect in Groups of 
Round Wires,” G. E. Rev., v. 30, 1927). His formu- 
las are somewhat difficult to handle but short cut 
methods will be obvious to those who wish to go into 
the subject seriously. In the study under dis- 
cussion, the proximity effect of sector conductors 
was assumed equal to that of equivalent round, solid 
bars of the same total cross section and resistance, 
and with the same thickness of insulation. This 
ignores the contact resistance of stranding and, of 
course, gives maximum proximity effect. 

Shielding and binding tape losses were estimated on 


Table I¥V—Comparison of Theoretically Calculated and 
Measured Losses in Nonmagnetic, 3-Conductor Cable 


_— 


Calculated Extra Losses % Measured Extra Losses % 
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t See Table II for description of cables. 

* Low loss cables. Subtract proximity loss from total calculated Jace for 
comparison. All other cables have higher loss but never maximum solid bar 
proximity loss. 
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the assumption of continuous metallic cylinders of 
the same diameter and thickness, and twice the 
resistivity of the metal tapings. Clark and Shanklin 
developed the method used for calculating shielding 
tape loss (‘““High-Tension Single-Conductor Cable 
for Polyphase Systems,” A.I.E.E. TRANS., v. 38, 
1919, p. 917-69). The cylinder of binding tape was 
assumed in parallel with and part of the lead sheath. 

Sheath losses have been fully dealt with by Dwight 
(‘Proximity Effects in Cable Sheaths,” A.I.E.E. 
TRANS., v. 50, 1931, p. 9938-8). R. W. Atkinson 
presented a more convenient short cut method in 
the discussion of Dwight’s paper (A.I.E.E. TRANS., 
v. 50, 1931, p. 998). 

A comparison of the measured and calculated com- 
ponent losses for a number of the cables without 
magnetic binder listed in Table II is given in Table 
IV. It will be noted that with small size conductors, 
sheath loss is about 3 to 4 times calculated maxi- 
mum proximity loss, while with large conductors it 
is approximately equal to proximity loss. Also, 
skin effect loss is about 4/; of this proximity loss. 
This means that with small conductors sheath loss 
predominates and proximity loss is not of much im- 
portance, while with large conductors proximity loss 
is of greater importance. 

Now, skin effect loss and sheath loss are fixed 
quantities, determined by the physical dimensions 
of the cable and beyond the control of the manu- 
facturer. Proximity loss, on the other hand, is 
variable and is the only component that gives the 
manufacturer any chance at all to reduce total losses 
appreciably. The range over which the manufac- 
turer has such possible control is shown by the maxi- 
mum and minimum curves in Fig. 2. When it is 
remembered that the carrying capacity of the cable 
varies as the square root of the losses it is at once 
apparent that there is only limited scope for im- 
proving the carrying capacity of 3-conductor cables 
by controlling proximity loss. From a practical 
standpoint it is of importance only with conductors 
of large size. 

Cable with magnetic binder will be discussed later 
but it might be pointed out that here, also, proximity 
loss is the variable factor. (The term ‘proximity 
loss” for magnetic binder cable is meant to include 
all additional mutual and self-inductive losses in the 
conductor caused by eccentric magnetic field dis- 
tortion.) In Fig. 2 it is shown that with magnetic 
binder there is a wider range for controlling losses 
by controlling proximity effect and, consequently, 
this effect is of more importance in this case. 


CONTROLLING PROXIMITY Loss 
OF STANDARD CONDUCTORS 


The manufacturers have made a complete study 
of this problem and it has been demonstrated that 
proximity loss of stranded conductors is governed 
entirely by contact resistance and distribution of 
circulating (eddy) currents between strands. Of 
these 2 factors, distribution of circulating current is 
the most important from a practical standpoint. 
Anything that tends to distribute this cross current 
between strands uniformly along the strand length 
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and not allow it to concentrate in spots at the strand 
surface will reduce proximity loss. In other words, 
uniform surface contact between strands both later- 
ally and circumferentially is the most practical way 
of controlling proximity loss, the normal, inherent 
contact resistance being sufficient for this purpose. 

This being accomplished, there will be still further 
reduction in proximity loss by increasing contact 
resistance between strands. In fact, perfect insula- 
tion between strands reduces proximity effect to a 
minimum regardless of method of stranding by 
entirely eliminating cross currents, as demonstrated 
by tests on cables with enameled strands (cables 
Nos. 74 and 76, Table II). 

The most definite method of controlling contact 
resistance is to insulate the strands with enamel or 
other hard insulating films. Oxidized and tarnished 
strand surfaces will, under certain conditions, in- 
crease contact resistance but since this resistance also 
depends upon pressure between strands and both the 
degree of oxidation and the pressure at points of con- 
tact are difficult to control uniformly, this method 
has not worked out well. 

As a matter of fact, complete or partial insulation 
of strands, as described above, is hardly desirable for 
a number of reasons. It makes sweating of con- 
nectors difficult and introduces impurities into the 
cable. Fortunately, this method is not necessary 
and proximity loss can be adequately and more 
practically controlled by uniform distribution of 
cross currents, accepting normal contact resistance. 

The usual method of stranding is to lay alternate 
layers of strands in opposite directions. When the 
strands are tightly and compactly applied in this 
way but not rolled or crushed it leads to relatively 
high proximity loss because the circulating current 
is concentrated at those points of contact where the 
strands cross. Rolling cr crushing the conductor 
will increase the area of strand contact and reduce 
the concentration of current. The more com- 
pactly the strands are crushed, particularly the 
-. outer layers, the greater will be the reduction in 
proximity loss. 

When the layers are in the same direction but 
not crushed there is line instead of point contact 
between strands and uniform lateral distribution of 
cross currents. Where a flexible conductor is de- 
sired this is an effective way of reducing proximity 
loss. This type of stranding, however, tends toward 
a loose and nonuniform arrangement of strands which 
in many cases is undesirable. 

The most practical method of controlling proximity 


loss is to strand all layers in the same direction and 


crush each layer by rolling as the conductor is built 
up. This results in a neat, compact conductor cross 
section under good factory control and reduces 
proximity loss practically to the theoretical mini- 
mum. This compact rolling of strands also reduces 
the cable cross section and cost. 

Cables Nos. 17, 35, and 69 in Table II have this 
compact arrangement of strands. The minimum 
curves in Fig. 2 are based upon theoretical minimum 
losses with zero proximity loss. If cables Nos. 17, 
35, and 69 are compared with the minimum curve 
for cable with nonmagnetic binder it will be seen 
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that there is very good agreement and that the 
proximity loss of these cables must have been close 
to zero. In making this comparison the smaller 
diameter of the compact strand cables and the 
resulting decrease in sheath loss should be taken into 
account. 


OTHER POINTS IN CONNECTION W1TH LOSSES 


A study of the measured and calculated component 
losses in Table IV brings out a number of interesting 
points. It will be seen that the measured and calcu- 
lated sheath losses agree quite well and that the 
proximity loss is the only variable, falling between 
maximum, solid bar, and zero proximity losses, as 
determined by the method of stranding and the con- 
dition of the strands. The same comparison is 
shown in Fig. 2, where the maximum curves repre- 
sent maximum measured proximity loss for stranded 
conductors and is always less than the solid bar 
proximity loss given in Table IV. It will be noted 
that only the points for unimpregnated cable and 
round conductor cable of larger diameter than sector 
fall above the maximum curves in Fig. 2. 

It is not possible to calculate theoretically the 
component losses in cable with magnetic binder be- 
cause of the field distortion. An empirical study of 
such cable, however, leads to some interesting con- 
clusions. Component losses were measured for most 
of the cables with magnetic binder in Table II. 
Space does not allow inclusion of these data but a 
typical set of measurements is given in Table I. 

It will be noted that sheath loss is less and proxim- 
ity loss greater than for a corresponding cable with 
nonmagnetic binder. The magnetic binder acts as a 
shield and reduces the flux interlinkages with the 
sheath, thus reducing sheath loss. At the same 
time, this binder distorts the field inside the cable 
and causes an increase in proximity loss. These 2 
changes more or less balance and it is for this reason 
that there is little difference in total losses of magnetic 
and equivalent nonmagnetic binder cables. 

It is possible to shield the sheath entirely by 
wrapping the magnetic binder tape with little or no 
space between tapes. Cable No. 62 was made in 
this way and the measurements with and without 
sheath were exactly the same. The total losses in 
cable No. 62 were, however, practically the same as 
those of standard cable with the binding tape 
spaced 1/, to °/s in. The reason for this was that 
while sheath loss was eliminated there was a cor- 
responding increase in proximity loss from field 
distortion. 

The steel binding tape in cable No. 62 was of ordi- 
nary commercial grade in which the magnetic and 
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Fig. 6. Connections of an a-c 
potentiometer as used in studies 
of a-c resistance and reactance 
of 3-conductor cables under 
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electrical properties were disregarded. Cables Nos. 
63 and 65 were constructed exactly the same with 
the exception that high resistivity transformer steel 
(DX) and high permeability (Nicaloi) steel were 
used, respectively. Comparison of these 3 cables 
shows that the magnetic and electrical properties 
of the binding tape have no practical effect on total 
losses. It also shows that the magnetic losses in 
the binding tape itself are negligibly small. These 
results are due to the very large “air gap’”’ in the 
magnetic path. 

Proximity loss predominates under all conditions 
in cable with magnetic binder. It is for this reason 
that there is a greater spread between minimum 
and maximum loss curves for magnetic binder cable 
in Fig. 2. With cable having nonmagnetic binder 
sheath loss, a fixed quantity plays a prominent 
part and proximity loss is reduced. This leads to a 
lesser spread between the maximum and minimum 
curves. 


Appendix A—Test Method Used 
by Electrical Testing Laboratories 


The length of sample selected for the test specimens was 15 to 20 
ft, the preliminary investigations having indicated that measure- 
ments could be made on specimens of this length with sufficient 
accuracy to report final values reliable to better than 0.5 per cent. 
Accordingly, the procedure was developed particularly for speci- 
mens of this order of length, though it is equally applicable to longer 
specimens. 

After cutting specimens to the desired length, the lead sheath was 
removed from 4 in. of cable at one end and 15 in. at the other end. 
At the 4-in. end, the insulation, binder tape, shielding tapes, etc., 
were cut off square with the end of the lead, leaving only the 3 bare 
conductors protruding. These bare ends were then sweated into a 
large cup made from copper pipe, so placed that the cup and solder 
came within about !/s in. of the end of the sheath. 

At the other (15-in.) end, the binder tape or belt insulation was 
removed and cut off smoothly at the edge of the sheath. The 
insulation was then removed from the outer 2 in. of each conductor 
and individual lugs were sweated on. The 3 conductors then 
represented a Y or star connected system or load. 

Two inches in from the edge of the lead sheath at the “‘15-in.”’ 
end, 3 holes */s in. in diameter were drilied through the sheath, 
binder, and shielding tapes—one hole being centered over the ‘‘back”’ 
of each of the 3 conductors. At the center of these holes a smaller 
hole was drilled through the insulation and into the conductor for 
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about !/,in. Copper pins were then driven down into these openings 
to serve as potential taps. 

The fall of potential along each conductor from the driven potential 
tap to the common end (i. e., cup end) was measured in terms of 
resistance and reactance by means of an a-c potentiometer and 
mutual inductor connected in the secondary circuit of a current 
transformer, the primary winding of which was connected in series 
with the conductor being measured. 

A few preliminary measurements showed that comparatively large 
errors might be introduced by using a potential lead connected to 
the “neutral” point at the cup end of the cable. An artificial 
neutral was, therefore, provided with the aid of 3 equal noninductive 
10-ohm resistors connected across the driven potential terminals; 
all question of induced electromotive force in the neutral potential 
lead was thereby eliminated. At the same time, the 10-ohm re- 
sistance was high enough to avoid any troublesome correction due 
to shunting current and yet low enough not to reduce galvanometer 
sensitivity. A schematic diagram of the general test circuit is 
shown in Fig. 6. 

The use of this potentiometer arrangement makes it possible to 
determine the equivalent resistance and reactance of the cable 
directly in terms of a standard resistance and standard mutual 
inductance. For instance, if the symbols used are as follows: 


current transformer ratio 

= setting of mutual inductor, henries 

= standard resistor, ohms 

total resistance of potentiometer, ohms 

= resistance of that portion of the potentiometer inserted to 
obtain a balance, ohms 

tangent of angle introduced by current transformer 

= angular velocity, radians per second 


ll 


the relations for the effective resistance and reactance of the speci- 
men of cable under investigation are: 


ee bE. wMK 
IE SEM i 
and 
wM ,.K NS 
Vee TAS CED 
where 
R= effective resistance, ohms, and 
wL = reactance, ohms 


Since the reactance of the cables measured was of the same 
order as the resistance, the use of current transformers with phase 
angles not larger than 10 min of are (K = 0.003) makes the last 
term of each of these expressions negligible. The relations then 


become 

1 NS 
Sea S+P 

wi M 
wh = TT or IE => T 


which are the equations used in the determination of effective re- 
sistance and reactance in these measurements. 


Table V—Results of Interlaboratory Checks 


Data in the same line are for cables of identical construction 


A-C:D-C A-C:D-C 
Cable Resistance Cable Resistance 
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* Identification number. See Table II for description. 
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By means of the mercury switch shown in Fig. 6, a change could 
be quickly made from the a-c potentiometer to a d-c double bridge 
for the measurement of the ohmic resistance of the conductors. 
The use of a reflecting galvanometer with the Kelvin bridge made it 
feasible to measure these resistances to better than 0.1 per cent. 

In making measurements of this nature it is possible to work 
either with the cable at or near room temperature or after heating 
under load to a temperature approximating operating temperature. 
However, due to the necessity for getting results promptly the 

measurements were made with the cable as nearly as possible at 
room temperature. This required making the measurements 
quickly in order to avoid heating. 

When making a series of measurements it was the practice to take 
the d-c resistance before and after each a-c measurement. In 
general, these did not differ by more than one per cent even at the 
high current loads. The average of the 2 d-c resistance measure- 
ments was then used in the computation of ratios involving the d-c 
resistance. 

Following each test the data were computed and curves plotted. 
If the results appeared satisfactory, the lead sheath was removed 
and a second test made. The cable was then torn down step-by- 
step, the measurements being repeated at each step. In this manner 
it was anticipated that the losses could be analyzed as to their 
sources. 


Appendix B—Interlaboratory Checks 


In order to eliminate the possible effects of differences between 
various laboratories, numerous check tests were made in which 
the same or similar pieces of cable were measured in each of 2 or 
‘more laboratories. The general results of these interchecks, Table 
V, showed good agreement although there were some exceptions. 
It is considered that such measurements should show agreement to 
within 1 to2 percent. Where individual measurements have shown 
deviations from the group which exceed this amount, the data have 
not been included in the graphic presentation in Fig. 2. 


Appendix C—Check Measurements 
Against Field Test 


Early in 1931 a field test was arranged by W. H. Cole of the 
Edison Electric Illuminating Company of Boston. The cable under 
test had been manufactured in 1930 and at that time a-c resistance 
and reactance measurements were made on specimens of the cable 
both at the Electrical Testing Laboratories and in the manufacturer’s 
laboratory. The final installation covered 37,020 ft of this cable 
and offered an excellent opportunity to check the results obtained 
in the laboratories on short samples. 

The results of these measurements together with the original 
E.T.L. and factory results are shown in Table VI. It will be noted 
that a very close agreement is shown between all measurements with 
one exception where the factory measurements were made on the 


Table VI—Check Against Field Tests of Installed Cable 


All values expressed as a ratio to the d-c resistance 


Current 
Length Load, 
of Cable Amps per A-C 60-Cycle 
Tested Tested Phase Resistance Reactance 
i2m.0 Co, of Boston... 107,020 ft. 5... 65. DOA Noun nhs ee VSI serait 1.816 
: OU Oa a araihes ) We Ih oe 1.822 
BOQTL | vcidee'e TTS eee 1.835 
BAD AO Wet aoe gE Oy Fe he neste 1.822 
BA356" Gina ae y Meee We a a 1.812* 
Manufacturer.......... Short sample..... AOOKME oui ese 1.128 
6008 © Misarene 1,128 
Rellireelier pect GOOG! eae. 1.155 
ROMAN yets bore er caxeey' «File. aly Geet S.cnephiony Ca eG 200 to 600..... 210 pee ry Ae 1.82 
Note: 3 X 700,000-cir-mil, sector conductor cable, 220 mils paper, Type H, 


nonmagnetic binder. 

Data from field tests furnished through the courtesy of W. H. Cole, super- 
intendent, street engg. dept., Edison Electric Illuminating Company of Boston, 
Mass. 

* This test made after reversing phase rotation to agree with rotation of con- 
ductors viewed from supply end. 
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cable on a reel (instead of being laid out straight). It is likewise 
interesting to note that these field measurements show the same 
dependence upon phase rotation which had been found earlier in the 
laboratory. 


On the 


Schooling of Engineers 


Two types of students, one fundamentally 
interested only in engineering, and the 
other more deeply interested in and ca- 
pable of leadership, are considered in this 
paper. For both, a broader training in the 
humanities is urged. Among the numerous 
points which it is stated should be brought 
to the attention of the student engineer is 
the necessity of realizing that human re- 
lationships, which cannot be reduced to a 
science, are among the most important 
considerations in later life. 


By 
ALEX DOW The Detroit (Mich.) 
FELLOW A1.E.E. Edison Company 


W ex I last addressed an audi- 


ence on the subject of the schooling of engineers, I 
spoke as an executive who retained so much of his 
inherited bent toward engineering that he still com- 
prehended the operation of a student mind; a mind 
exceedingly desirous of engineering success and, to 
that end, rejecting as impedimenta all offerings of 
schooling in what we have for ages called the humani- 
ties. The intervening 8 years since that address 
have pushed me further from engineering, and sub- 
merged me deeper in problems for which I have an 
inherited dislike—problems of finance, of law, of 
politics; problems which do not admit of an engi- 
neering solution; problems of which no complete 
solution satisfying every factor is possible; problems 
where no rule of physics or mathematics will aid a 
solution, because the relations of the factors are 
neither reasonable nor constant—because the factors 
are of disproportionate values, measurable only on 
the unstable scale of their reactions on human 
beings. And in these years I have been confirmed in 
my earlier opinion that there remains something to 
be done toward a broadened education of those 


Full text of a paper recommended for publication by the A.I.E.E. committee on 
education, and scheduled for discussion at the A.I.E.E. winter convention, Jan. 
22-25, 1935. Manuscript submitted Oct. 20, 1934; released for publication 
Oct. 26, 1934. Not published in pamphlet form. 
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students who have chosen to be engineers, who have 
on them the urge to be engineers, and whose innate 
mentality finds happiness in exactness of expression 
and completeness of reasoned result. 


ABILITY IN NONENGINEERING LINES 
DESIRABLE FOR SUCCESS 


The purely engineering mind does not take kindly 
to the humanities. The student who seeks and 
rejoices in a complete solution of a technical problem, 
tends to believe that such a solution should be possi- 
ble for every problem. Wherefore he is apt to be- 
little an offered study in which the preceptor 1s 
forced to admit that the answer in most cases may be 
either ‘‘yes” or “‘no,’’ that there will be in every case 
an unsatisfied remainder. Nevertheless, the engi- 
neer who rises above purely technical achievement 
must solve problems in human nature. He has then 
ceased to be concerned solely with the qualities of 
matter, and the forces inanimate. If he is a notable 
success in his engineering, he will surely in time be 
offered opportunities wherein he will need the aptness 
of the executive who knows that it is imperative to 
decide quickly, even though the decision may be 
imperfect; he will see that he must avail himself of 
other human beings as assistants or delegates, even 
though these are not to his heart’s desire; and find 
that he must recognize and allow for an infinity of 
variables, requiring in him at the one end of his 
knowledge of the humanities, a silent comprehension 
of mass psychology, and at the other end an occa- 
sional outspoken exhibition of what is colloquially 
called “‘horse sense.” 

If our school intent is only to produce human cal- 
culating machines, interpreters of rigid specifica- 
tions, supervisors of exact tests, there is nothing to 
criticize in the engitieering training which is now 
offered by the schools. Furthermore, those schools 
which now require that there shall be a certain devo- 
tion, in the earlier years, to what I shall continue to 
call the humanities, already recognize that a thor- 
ough technical schooling is not the end-all of their 
effort. I assume that we desire scholarly engineers, 
and not merely expert technicians. 

As one who has neither taught nor studied in any 
university I speak with deference to those who from 
year to year are seeking to send out graduates broadly 
equipped for life in this complex world; and of all of 
you I ask recognition that I speak as one who has 
been the immediate employer of many school trained 
engineers. Among these I have found representa- 
tives of each extreme; I have found the man who did 
not seek to be more than an accurate calculator, 
estimator, inspector, content if his field results 
agreed with his desk figures. And I have found the 
man who looked upon engineering skill as an aid 
toward leadership—who sought appreciation from 
those who could measure and value him as an all- 
around man of affairs, doing good work for his world 
and incidentally doing well for himself. The first 
man sought, as his compensation, a fair return on his 
investment in engineering education. The other 
held the value of his service to be the measure of his 
gain, and was willing to venture boldly and be judged 
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by results. No schooling can guarantee to produce 
the latter type. The possibility must be born in the 
boy. But the schooling may (and I say it should) 
extend the mental horizon and increase the social 
value of the first type. 

Assuming that the social sciences are to be pre- 
sented to engineering scholars, the teacher must 
recognize that trait (already noted) of the student 
engineer mind: an impatience of all incomplete 
solutions, even though the acceptance of an incom- 
plete solution may open out an impasse. If teach- 
ers, who cannot modify their technique, are assigned 
to this duty, the time set aside for study of social 
subjects by student engineers will be wasted, with the 
probability of forbidding future interest in the de- 
spised subjects. Your student recognizes immedi- 
ately the value of (let us say) mathematics. He is 
willing to follow the mathematician into pure phys- 
ics, the excursions into which have to him the 
character of research. Those humanities of which 
he can see possible uses to his first purpose, are more 
likely to be tolerated or welcomed by the student. 
Let us see what these are and how they should be 
presented. 


LANGUAGE—Mostr IMPORTANT OF THE HUMANITIES 


Let us consider first language; inability to speak 
and write English is entirely too common among 
engineer scholars, and after school days will be 
recognized by the young engineer as a handicap. 
The courses in English which are offered as parts of a 
literary course, are definitely not attractive. Still 
more so is this the case with a literary college course 
in any foreign language. I hold that at least one 
foreign language should be required, up to the point 
of reading it. The foreign language course is_ rdi- 
narily directed toward the acquisition of facility in 
speech and in writing. The engineering student 
need not seek fluency of speech. He needs only the 
necessary vocabulary and knowledge of grammar 
sufficient to permit his intelligent reading of engi- 
neering literature. And the reflex from the limited 
study of the foreign language (especially of its 
grammar) will contribute to precision in English. 

I do not know how English should be taught to 
engineering students. Our public schools nowadays 
start off on the wrong foot. The young child ac- 
quires a talking and reading acquaintance with his 
language, but is not taught its grammar nor given a 
vocabulary greater than he will acquire in his every- 
day life. English was taught otherwise to me. At 
10 years of age I knew that prepositions governed the 
objective case and that adverbs qualified verbs, 
adjectives, and other adverbs. Also, I knew that 
“to admit” was not the equivalent of “to acknowl- 
edge” and that ‘‘a remainder’ was not ipse facto ‘‘a 
balance”; and so forth and so forth through a 
hundred exhibits that my memory could produce 
were it taxed to do so. That method is one for 
childhood; not for 18-year-olds. But I persist in 
believing that the study of English can be made 
interesting, and I know that skill in the use of lan- 


guage should be rated at least as highly as skill in, say, 
the use of the slide rule. 
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ACCOUNTING AND Economics SHOULD Br TAUGHT 


Beginning with English and with at least one 
foreign language, I would continue with accounting 
and economics. Accounting has many variations 
but its principles are the same wherever taught. Its 
usefulness as an engineering tool should be evident 
to the student. There should be included a course 
in the analysis of costs of completed work; and 
somewhere therein there should be a warning that 
the synthesis of costs of proposed work is not neces- 
sarily a complement to analysis. 

As to economics—I cannot find that there is any 
accepted science of economics. Therefore it cannot 
be taught as a science. The engincering student is 
inclined to make a jest of economics. I do not blame 
him. When he finds that one teacher insists that 
commercial activity is proportional to the quantity 
of a circulating medium; that another utterly dis- 
regards such proportionality; that a third says there 
is no inherent value in gold outside of its limited use 
in the arts; while a fourth teaches that the control of 
gold means the control of commerce—these differings 
of doctors provoke the laughter of the student engi- 
neer. The absence of an accepted vocabulary of 
economics is another defect. It disconcerts a stu- 
dent to find that a term may mean something quite 
different when used by another writer, and that even 
the one writer may impose different meanings thereon. 
I would make the presentation of economics al- 
most sketchy, possibly a sequence of lectures setting 
forth the several theories which have been formu- 
lated and offered to the world, and comparing their 
agreements and contradictions. I would tie my 
study of economics into history, showing the recog- 
nizable errors of the past. But I should not recom- 
mend to the engineering student the acceptance of 
any economic theory whatever. Let him see that 
his future work will inevitably be restrained or 
facilitated by so-called economic conditions, and that 
his recognition of conditions at any time existiug, 
and the trends thereof, will be helpful to him in the 
long game of life. 


HISTORY, AND ITs RELATION TO OTHER HUMANITIES 


Naming now those humanities which are not useful 
in the day’s work of the engineer, in my opinion the 
most important of these is history. It should be 
taught as it is not taught today. The historian 
suffers from a complex similar to that of the narrow 
engineer in that he feels laid upon him the burden of 
finding the facts and making a record thereof. To 
me the charm of history is not in proving who wrote 
such a letter, or broke such a treaty, but in showing 
the origins and scopes of social movements through- 
out the ages. Into history there can be tied the 
recognition of economic forces. If we are to teach 
history of the current year it should be shown why 
one nation needs for its safety, or even for its exist- 
ence, free and world-wide access to the seaways; 
whereas the vital sea need of another nation is only 
that there shall be no interception on the narrow seas 
of the colonial grain with which, like Rome of old, 
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it must feed its people. It should be shown how 
engineering progress, beginning with the earliest 
roads and irrigations, has affected the fate of peoples; 
how in 40 years of the nineteenth century the British 
invention and adoption of steam power changed the 
régime of a nation, and indeed of an empire; and 
how the development of communications and of 
electric transmission of power has in this century 
altered the social and economic balances of the 
habitable world. I would make history the back- 
bone (so to speak) of all teaching of the humanities. 
To the student engineer a presentation of arrived 
results, though these have been neither sought nor 
predicted, has attraction which in his mind is missing 
from pure speculation. 

Beyond these recommendations I have no present 
mind to go. If history be taught as it should be 
taught, there will be necessary recognitions not only 
of the economics involved but of the personal and 
mass psychology involved in the changing conditions 
of races, and peoples, and governments. Even 
philosophy can and should be shown to have had its 
influence upon that sequence of events which we call 
history. And you cannot crowd a personally neces- 
sary training in techniques, and also an education in 
all the humanities into the 4-year course to which we 
are at present committed. I do not suggest making 
that course longer. If circumstances permit our 
student to spend further time at school I would 
rather, after he completes his 4-year course, have 
him go into the field for a couple of years; and 
thereafter come back with a reasoned choice of the 
study or studies he wishes to pursue. 


VERSATILITY ESSENTIAL TO LEADERSHIP 


Throughout this talk I have had in mind the 
probability that the successful engineer will in later 
life find himself busy in work which is not pure engi- 
neering, work in which his engineering training will 
teach him to analyze and organize its processes, but 
in which he is dealing with human beings whose 
desires change from year to year and whose rated 
capacities are not engraved upon individually 
attached nameplates. Our engineer may be a 
partner in a manufacturing or constructing firm, 
meeting problems in finance, in personnel, and in 
sales methods. He may be offered (or may have 
pressed upon him) public duties to his city, his state, 
or even to the nation. In any of these environments 
he will be helped by his engineering training, but if 
he is to be successful, he must refrain from the belief 
that human beings can be depended upon to do what 
they should do, subject to set factors of safety. He 
cannot even restrict himself to his own commercial, 
or social, or governmental functions. If he is to 
lead, he must see broadly what is going on in each 
contiguous phase of life. If he is depended upon by 
thousands of employees, or by city, or state, or 
national populations to guide affairs in the way they 
should go, he must recognize that leadership does not 
lead if it restricts itself to narrow duties, if it binds 
itself to a formula and fails to mark and follow the 
expediency, or the necessity, inherent in immediately 
observed conditions. 
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Coaxial Communication 
Transmission Lines 


A nonmathematical discussion of the mech- 
anism whereby energy may be transmitted 
over long distances at high frequencies by 
the use of “coaxial conductors” is pre- 
sented in this paper. A coaxial system 
consists of a cylindrical conducting tube 
within which a smaller conductor is co- 
axially placed. Such conductors, which 
reduce interference and cross-talk, are 
applicable for the transmission of tele- 
phone, telegraph, and television signals 
over a very wide range of frequencies. 


By 
S. A. SCHELKUNOFF 


Membership Application Pending 


Bell Tel. Labs., Inc., 
New York, N. Y. 


1 technical possibilities of the use 
of ‘‘coaxial conductor’’ systems for bands of frequen- 
cies as wide as 1,000,000 cycles or more are discussed 
in a recent paper by L. Espenschied and M. E. 
Strieby (“Coaxial Conductor Wide Band Trans- 
mission Systems,’’ ELECTRICAL ENGINEERING, vol- 
ume 53, Oct. 1934, page 1371-80). A comprehen- 
sive mathematical discussion of coaxial transmission 
lines is given by the author in another paper (‘“The 
Electromagnetic Theory of Coaxial Transmission 
Lines and Cylindrical Shields,’ Bell System Technical 
Journal, volume 13, Oct. 1934, page 532-79). The 
present paper attempts to give a nonmathematical 
discussion of the physical mechanism by which 
physical energy is conveyed along a coaxial pair, 
dissipated in it, or transferred between it and other 
neighboring systems. It is believed it will be of 
interest to engineers who may not wish to follow 
through the mathematical treatment. 


MECHANISM OF TRANSMISSION OF ENERGY 


A coaxial transmission system is comprised of a 
central wire surrounded by a coaxial shield which is 
employed as the return conductor. The laws of 
transmission of energy along such a system do not 
differ in any essential respect from those governing 
a parallel pair. If one member of the parallel pair 
were to be replaced by a cylindrical shell coaxial 
with the other wire and at the same distance from it, 
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the capacity per unit length would become about 
twice as great and the inductance about 1/2 as great, 
so that at high frequencies, where the influence of 
the resistance on the surge impedance of the line is 
negligible, the surge impedance of the coaxial line is 
about !/. the surge impedance of the parallel pair. 

Within a coaxial pair (figure 1) the lines of mag- 
netomotive intensity H are coaxial circles and the 
lines of electromotive intensity Hp are substantially 
radial. The word ‘‘substantially” is used because 
although most of the energy travels along the pair, 
a slight amount of it moves radially into the im- 
perfect conductors, where it is dissipated in heat. 

By electromagnetic theory this radial movement of 
energy implies the presence of the longitudinal com- 
ponent F, of the electromotive intensity parallel to 
the conductors. This /,, negligible for most pur- 
poses, is an important factor in calculating the a-c 
resistance of coaxial pairs and in matters of inter- 
ference and cross-talk. Being tangential to the 
cylindrical boundaries between different mediums 
comprising the coaxial pair, it is continuous across 
them while the radial component £, is practically 
annihilated on entering the conductors. In the 
conductors themselves /£, and H constitute the 
principal field, and energy moves there almost ex- 
clusively outward (or inward, as the case may be) 
and not lengthwise as in the dielectric between the 
conductors. Because of heavy absorption of energy 
by the conducting substance, the field is rapidly 
attenuated in this outward direction. 

A quantitative idea of the rate of decay can be 
gained by considering the simplest case of a plane 
wave, in which & and H are uniform all over the 
wave front (figure 2). The formulas for the propa- 
gation of such a wave in a homogeneous medium are 
very similar to those of wave propagation in trans- 
mission lines, the permeability » playing the réle of 
series inductance, while the conductivity g and the 
dielectric constant « take the part of the shunt con- 
ductance and capacity, respectively (see figure 3). 
In metallic substances the conductivity is large and the 
dielectric constant can be neglected, so that the propa- 
gation constant is expressed simply as V joug = 
V wufg (1 +7) nepers per centimeter. (Here the con- 
ductivity g is expressed in mhos per centimeter and 
the permeability » in henries per centimeter. Also, 
w = 2nf where f is the frequency.) In copper, for 
instance, 4 = 1.256 X 1078 henries per centimeter 
and g = 5.80 X 10° mhos per centimeter, so that at 
1,000,000 cycles the attenuation constant is 151 
nepers or 1,315 decibels per centimeter. The phase 
change is 151 radians per centimeter, so that the 
wave length in copper is 0.415 millimeters. Both 
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Fig. 1. In a coaxial transmission line the lines of 
magnetomotive intensity are circles and those of 
electromotive intensity not very different from radii 
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the attenuation and the phase change are thus ex- 
ceedingly rapid. 

In the outer conductor of the coaxial pair the wave 
is not plane, but it could be regarded as such without 
introducing a serious error, because the ‘‘attenua- 
tion’’ (in the more general sense) of the wave due to 
the outward divergence is slight and the attenuation 
due to the energy absorption is very great. This 
fact will be useful when the shielding afforded by the 
outer conductor is discussed later in this paper. 

A hollow conductor has an optimum thickness 


Fig. 2. Relative orien- 
tation of the field com- 
_ ponents in a plane, E 
plane-polarized elec- 


tromagnetic wave 


DIRECTION OF 
x PROPAGATION 


from the point of view of its resistance; this opti- 
mum thickness equals 1/, of the wave length for this 
particular metallic substance. If the conductor is 
made thicker while keeping the diameter of the active 
surface (that is, the surface of the greatest current 
density) fixed, the electric current in the added metal 
will flow in opposition to the original current and if 
the same total current is to be maintained, the cur- 
rent density must be raised throughout the conduc- 
tor, thus resulting in increased energy losses and 
increased effective resistance. (A somewhat differ- 
ent picture of this phenomenon is presented by S. A. 
Schelkunoff in “A Skin Effect Phenomenon,” Bell 
Laboratories Record, volume 11, Dec. 1932, page 
109-12.) 


INTERFERENCE AND CROSS-TALK 


There has now been established a sufficient back- 
ground for approaching the important problem of 
interference and cross-talk. Consider a coaxial pair 
above the ground (figure 4). The ground together 
with the outer conductor of the coaxial pair forms a 
parasitic transmission line so that in effect the sys- 
tem is comprised of 2 continuously coupled trans- 
mission lines, one carrying current J and the other J,. 

The electromagnetic field of a radio station or of 
static is impressed upon the ground circuit and pro- 
duces in it current J,, which in its turn produces the 
voltage drop E, along the outer surface of the outer 
conductor of the coaxial pair. However, because of 


pax 


padx 


Fig. 3. This equivalent circuit of a transmission line 
with distributed constants is a model of a plane wave 
traveling through a homogeneous, isotropic medium 
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the rapid attenuation previously discussed, this gives 
rise to only an exceptionally weak “‘induced”’ voltage 
drop along the inner surface of the conductor. 
Besides, on the inner surface, the abrupt change in 
the properties of the medium causes almost a com- 
plete reflection, practically annihilating the magneto- 
motive intensity and doubling the voltage drop. 
This matter of interference can also be considered 
from a somewhat different point of view. For all 
practical purposes the field of the coaxial pair does 
not extend beyond the outer surface of its outer 
conductor, and, similarly (except at very low fre- 
quencies) the field of the ground return line is limited 
by the inner surface of that same conductor. The 
outer conductor, therefore, represents the entire 
distributed mutual impedance between the 2 trans- 
mission lines. At zero frequency, this mutual im- 
pedanice is the d-c resistance of the conductor, but 
otherwise it has a reactive component due to the 
magnetic interlinkage taking place within the space 
occupied by the outer tube. The mutual resistance 
between 2 coupled circuits can be measured by that 
average amount of dissipated energy which is pro- 
portional te the product of the electric currents flow- 
ing in those circuits, and similarly the mutual induc- 
tance can be gauged by that average amount of 
stored magnetic energy which is proportional to the 
product of those same currents. (The self-resistance 
of the circuit can be measured by that amount of 
dissipated energy, which is proportional to the square 
of the current in the circuit. An analogous statement 
applies to the self-inductance.) As the frequency 
increases the electric current J of the coaxial pair 
tends to concentrate on the inner surface of the outer 
conductor and the current J, of the ground return 
line moves toward the outer surface. The 2 currents 
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Fig. 4. The outer conductor of the coaxial pair and 
the ground form a parasitic transmission line playing 
an important rdle in interference phenomena 


become more and more separated, the regions of high 
density of one overlapping the regions of low density 
of the outer, and the mutual energy of dissipation 
as well as the mutual electromagnetic energy are 
thereby diminished. 

The problem of cross-talk between 2 coaxial pairs 
is quite similar. Besides the 2 given transmission 
lines there is a parasitic line comprised of the outer 
conductors of the 2 pairs. The induction takes 
place from one pair into this parasitic line and thence 
into the second pair. Obviously, this cross-talk is 
exceedingly small. It is largely because of this 
freedom from interference that the coaxial pairs 
have been used as lead-ins between antennae and 
radio stations and seem to be promising as broad- 
band transmission systems. 
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Recommended 
Transformer Standards 


A brief review of several important revisions 
and extensions of the A.I.E.E. standards for 
transformers recommended by the A.I.E.E. 
transformer subcommittee is presented here- 
with, in order that those interested may have 
an opportunity to become familiar with 
these recommendations and to offer helpful 
criticism before action on final standards is 
taken. 


By 

rr V3 PUTMAN* Westinghouse Elec. and 
MEMBER A.i.E.E. Mfg. Co., Sharon, Pa. 
J. EF: CLEM?t Genel Elec. Co., 
MEMBER A.L.E.E. Schenectady, N. Y. 


> aaa the past 2 years the 
A.1.E.E. transformer subcommittee has made several 
important recommendations for additions to and 
changes in the A.J.E.E. transformer standards. 
Most of these relate to insulation levels and dielectric 
tests. Their purpose has been to bring the Stand- 
ards up to date in line with the present art of light- 
ning protection. 

Insulation levels have been established, impulse 
testing recommendations formulated, low frequency 
dielectric tests revised, and a bushing flashover stand- 
ard proposed. Timely recommendations covering 
permissible short time overloads for transformers also 
have been made. 

The purpose of the present report is to summarize 
briefly these more important recommendations in 
order that the industry may become more familiar 
with them and may offer helpful criticism before ac- 
tion on final standards is taken. 


INSULATION LEVELS 


The first attempt of the subcommittee to supple- 
ment the present A.I.E.E. dielectric tests with im- 
pulse strength requirements was in 1930, when it 
was recommended! that transformer insulation in 
different voltage classes be coérdinated with different 
numbers of line insulators. Later,? gap spacings 
were found to be a more convenient means of ex- 
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*Chairman, A.I.E.E. transformer subcommittee 1932-34. 
7 Present chairman of A.I.E.E. transformer subcommittee. 
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pressing the desired insulation level and the schedule 
of gaps now has been extended to include the dis- 
tribution circuit voltages and also the 287.5 and 345 
kv classes. At the last meeting of the subcommittee 
it was decided to list the insulation levels of trans- 
formers in terms of the gap spacing used for the 
impulse test rather than in terms of the codrdination 
gap spacing. Table I gives a complete tabulation of 
coérdination and test gaps. 

The standard test gap used in making impulse 
tests consists of 1/-in. square-cornered square-cut 
rods coaxially spaced and overhanging their sup- 
ports at least 1/. the gap spacing, and mounted on 
conventional insulators corresponding to the 
N.E.M.A.-E.E.I. (National Electrical Manufac- 
turers’ Association-Edison Electric Institute) stand- 
ards giving a height above the ground plane?’ 
1.3 times the gap spacing plus 4 in. (+ 10 per cent 
tolerance). When gaps are used in the field to 
establish insulation levels they often are of other 
construction. 

In establishing this schedule of test gaps it should 
be understood clearly that the subcommittee is only 
attempting to set up reasonable insulation levels 
for the design of transformers. It is not attempting 
to dictate to operating engineers the specific insula- 
tion levels that should be used in any particular 
voltage class. It does recommend that inter- 
mediate insulation levels be avoided because the 
steps indicated are now as close together as is 
practical. 


IMPULSE DIELECTRIC STRENGTH AND TEST 


An entirely new standard under this title has been 
proposed. Briefly it requires that transformers shall 
be able to withstand the following impulse tests 


with a 1.5x40 microsecond positive wave using the 


test gap settings given in table 1: 


1. A wave not less than 90 per cent of the minimum wave per- 
mitted by the test gap. 


2. A wave just sufficient to flash over the specified test gap. 


3. A wave having a crest at least 10 per cent greater than the 
minimum flashover voltage of the test gap. 


The effective wave front may vary from '!/, to 
21/. microseconds, the tail from 40 to 50 micro- 
seconds. The test gap is connected directly to 
ground. 

Without the test gap, the transformer shall be 
able to withstand the following tests: 


4. A wave of sufficient magnitude to flashover the bushing. Where 
oversized bushings are used they should be gapped for this test to the 


same impulse flashover as the standard bushing for the specified 
insulation level. 


5. A wave as high as in test 3 or 4, but with means for maintaining 
the excitation voltage across all parts of the winding. 


All 5 of these tests are to be made with the trans- 
former under full power voltage excitation!® and 
with the impulse synchronized within 30 electrical 
degrees of the 60 cycle voltage crest, on the negative 
half cycle. 

For the foregoing impulse tests standard atmos- 
pheric conditions are assumed, namely, an absolute 
humidity of 6.5 grains per cubic foot and an air 
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density corresponding to a barometric pressure of 
760 millimeters of mercury and a temperature of 
25 degrees Centigrade. The crest value of the im- 
pulse voltage wave should be adjusted to the voltage 
that would be obtained on the standard test gap 
under standard humidity and air density conditions. 
This may be done by making the following correc- 
tions to either the gap spacing or the impulse volt- 
age generator setting, the former being preferable: 
For impulse tests 1 and 2, increase or decrease the 
gap length or applied voltage 2.5 per cent for each 
grain the absolute humidity falls below or above 6.5 
grains per cubic foot, respectively; for impulse tests 
3, 4, and 5, 2.0 per cent. In addition to the correc- 
tion for humidity, the gap length or applied voltage 
should be corrected in inverse proportion to the 
relative air density based upon standard conditions 
of 760 millimeters of mercury and 25 degrees Centi- 
grade. 

The foregoing testing procedure has been in use 
on large power transformers for 2 years. This ex- 
perience has demonstrated the practicability of 
commercial impulse tests. 

At the time these testing recommendations were 
adopted it was thought that they constituted a 
reasonable demonstration of codrdination with the 
gaps of table I. In view of more recent data on 
the characteristics of rod gaps at short time lags, 
it is known that these tests do not demonstrate 
coordination with the gap at short time lags.®’ 
It appears that they do not always impose as severe 
a test on the major insulation of the transformer 
as the present A.I.E.E. low frequency tests. The 
transformer subcommittee therefore is considering a 
slight readjustment of the impulse test voltages and 
the adoption of certain simplifications in the test 
procedure which experience has demonstrated are 
desirable. The same general procedure would be 
employed utilizing the following schedule of tests: 


1. A wave just sufficient to flash over the specified test gap directly 
connected to ground. 

2. A wave sufficient to flash over the bushing, provided standard 
bushings are used, and having a crest voltage bearing a definite 
relation to the 60 cycle test voltage. 


Table I—Standard Spacing of Insulation Coordination and 
Impulse Test Gaps 


Rated Circuit 
Voltage Normally 


Gap Spacing, Inches 


Coérdination Gap Test Gap Associated Therewith 
Sig aaNeire eiokay< ces os OSS tacccetia peat arte 575 delta, 1,000 star 
ae (a: SS ae DE Bt: cl heee tht Stes > 2,400 delta, 4,160 star 
ak Ee Chae ne ee ea te oe cit vate deco fa eines 4,800 delta, 8,320 star 
LI hse, acer Pe mee REO Cees Si Oi aero Alina Sheet 6,900 delta, 12,000 star 
13,800 (15,000) 
(HYPE css Oo oe bente Eee (SR rer Rae nC ROTEL 23,000 (25,000) 
Uno a cice seen ORD carsctre cheers 34,500 
eases cca eie ake ween) « BS ED Rade srorcck yore they ay 46,000 
TO, leet her eee One bY) Oa en bch CRORE ONO OC 69,000 
PAT. Arie Cte CRO 21 ROM ee atone elec 92,000 
SW oes... sucka Sa Te Ree a eke Reva Satin 115,000 
Stee © Bn cea Coe cWAK oles et En ERA RENE pees 138,000 
(CSS ee ar aareteraeenORD AQUOT RAdectater decors 161,000 
ALY oti tr, Perse ois is is COLOR conte beets 196,000 
(Oates io AO Ord LOU An aie cos teres ihe cos 230,000 
BOM feta susistous ions BS AO! watery akin cons e 287,500 
lah» SEG cir eirceedsene TOD SG natis semi sronias 345,000 
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3. A full wave not less than 90 per cent of that required to flash 
over the bushing, or the test gap, if the bushing is oversized. 


The subcommittee has given approval to this 
revised schedule as the basis for further study and 


Table II—Recommended Increases in Low Frequency 
Dielectric Test Voltage 


as 


Test Gap Present New 

Voltage Class Length Test,Kv Test, Kv 
Ze OOUSS CARR stua.0 Melt SEN ee ee cttw eee Wo OOF eae OG watienrnes 49 
6:900ideltay 11950'stars 13;800'starise.. sen: tO 525" atte ee 34 
4 S00 delta Sis20 static ties caw te ecole et eo eed ees 1327/95 one ee = 26 
2 400 delta:.4 160 statats wc SoM ees foe. ee Dis Deter ree LO OR ie kee 19 
H(oidelta,, WOOO Star aac s  ein ete ee ee a On Sti Ae tee eet 10 
discussion. The value of the multiplier to be used 


in test 2 is being carefully investigated. 


REVISION OF LOW FREQUENCY DIELECTRIC TESTS 


Two important changes in the present standards 
for low frequency dielectric tests have been pro- 
posed. The first change would modify those para- 
graphs (138-400 and -401) dealing with graded-in- 
sulation transformers to call for an induced test 
voltage of 3.46 times normal (double line voltage 
plus 1,000 volts) which is now common practice. 
In transformers having reduced insulation the 
former induced test of 2.73 times normal would be 
replaced by the test corresponding to the next 
lower voltage class. This change also would provide 
for a high potential test on graded-insulation trans- 
formers at the test voltage corresponding to the 
voltage class of the neutral. These suggestions 
would bring paragraphs 13-400 and —401 of the pres- 
ent standards into accord with actual present-day 
practice. 

The second change would increase the test volt- 
ages in the lower voltage classes, 23 kv and lower. 
It has been known for some years that the present 
A.I.E.E. tests in the distribution circuit voltages were 
not consistent with the required impulse strengths. 
In fact, service experience for years has resulted in a 
gradual increase in dielectric strength so that trans- 
formers are capable of withstanding much more 
severe tests. Also the proposed impulse tests would 
require insulation that is able to withstand higher 
low frequency tests than the present standards call 
for. 


The proposed test voltages can be expressed con- 
veniently by the empirical formula, 


Low frequency test voltage = 4.5 kv + (6.5 X length of test gap in 
inches) 


This formula gives the desired increases in test volt- 
age in the lower voltage classes, particularly in the 
distribution range, as indicated in table II. In volt- 
age classes above 23 kv, it gives test voltages in ac- 
cord with the present standards. 

It was the opinion of the subcommittee that manu- 
facturers should adopt these new test voltages as 
soon as possible and that users should include them 


in specifications so that they may come into general 
use at an early date. 


TRANSFORMER BUSHING FLASHOVER STANDARDS 


There never has been an A.I.E.E. Standard cover- 
ing flashover voltages of transformer bushings. 
With the introduction of impulse testing it seemed 
highly desirable to establish standard impulse flash- 
over voltages for transformer bushings. 

It was thought sufficient to include in the standard 
only the impulse and wet 60 cycle flashover voltages 
as these would establish the bushing design since 
they are the significant requirements. It was also 
recommended that a common insulation level for 
bushings be established for both power and distribu- 
tion transformers at flashover voltages 15 per cent 
higher than those of the coordination gaps of table 
I, using gaps, if necessary on power transformer bush- 
ings. These suggestions were not altogether satis- 
factory to the industry. There was a demand for 
the 60 cycle dry flashover voltages; also it was 
thought that the 15 per cent level was too low for 
power transformers in the lower voltage classes. 

The subcommittee therefore has decided to recog- 
nize the practical fact that power transformers of 
necessity have larger bushings than distribution 
transformers and to propose a higher insulation 
level for bushings on power transformers in the lower 
voltage classes. The proposed flashover voltages 
for power transformer bushings are given in table 
III, which includes values for both 60 cycle dry and 
wet flashover and impulse flashover. The 15 per 
cent level is considered satisfactory for distribution 
transformers, but as yet the actual standard values 
have not been agreed upon. 

In addition to the recommended standard flash- 
over voltages, the subcommittee makes the follow- 
ing proposals to be included in the bushing stand- 
ard: 


Mounting for Test. 


Bushings shall be mounted in a vertical position in a flat covered 
tank extending beyond the bushing not less than 25 per cent of the 


Table Ill—Proposed Power Transformer Bushing Flashover 
Voltages and Gap Spacings 


1.5x40 60 Cycle 

Transf. Test Equivalent Microsecond Flashover, Ky 

Ky 60 Cycle Gap, Rod Gap,* Positive 
Class Test, Kv Inches Inches Wave, Ky Wet Dry 
AS act cue ORT ee De ices acy SiAs metus SOc ereerse PH be ae 40 
Sartiee ecrayaterate D6 eatanicnd Somes 4D Poston OOo Se rane 50 
TER SEES pe oe Ry iooeas ge A SPY be VLG sl tetecente AD ascites 65 
ZiT Mice niches .< AOE rarer GE Oetaateres Se vers ise LOO ctectrers BO sais 85 
SAT Meanie cic ¢ TAME: te Son LOZ pre a he Prop DNB aicriee a8 Sivas 115 
A a ots UR Seser SSS sca SRE eomse 21 Olnete saat 120 Kee ore 160 
COR ice: 139.R oe PAU Ses eae DDO ecahe Shi tinc orm WAVE TE ota 225 
SU Sg erates SH ccvewes QT. OMe ee 29 Ge tees 600 a een. DAS ye icsdete 285 
EG nc Py Bh ica SOs Cision 6OOR ene: 26 oen tae 350 
LOST Bowes cits PAT (Pen 0 42 ceAS. Aa NOU Sait ALOE cheer Ol Deve steere 415 
PASS arevate ea BLS kere exe 49° O scat e's OLB Sec SUG cyaesyete SOD:vrerteee 475 
OD eerie oa CUBS reco OOKO Soe. C2tore S802 eae FAQ ee ass 575 
OO eek Sites isto org AGI Some CO Birerctac ons 73.0 LUGO ctaacses BUG tres wens 665 


* When tested in parallel with bushing gives 50-50 flashover with 1.5x40 micro- 
second positive wave. 

** Includes also the 15 kv class. 

t Includes also 25 kv apparatus, but the 60 cycle transformer test is 51 kv. 
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porcelain height. Under conditions of operation, the flashover volt- 
age may be somewhat different. 


Tolerance. 

The tolerance on the 60 cycle bushing flashover voltages shall be 
within —5 per cent under standard conditions, but the tolerance on 
impulse flashover voltages has not yet been fully considered by the 
subcommittee. 


Standard Conditions. 

Temperature: 25 degrees Centigrade. 

Atmospheric pressure: 760 millimeters of mercury. 

Absolute humidity: 61/2 grains per cubic foot. 

Water resistance and precipitation: 12,000 ohms per centimeter 
cube with !/,in. per minute precipitation at a 45 degree angle. 


Correction Factors. 
1. The resistivity correction factors for wet flashover. 


Water Resistance, 


Ohms per Cubic Centimeter Correction Factor 


Bs OOO sieves wiotelciasielelele)«\ sleteel>tsup ielatelinl staf stnlicloferetelclererats 1.28 
AS OOO watetarevore whe lelshese ore) o70ister veqorol sie ielohst ov elerohedalonetelotehs 119 
BOO O eraceroteveraisversverocat ouni erehera)e otcWetelataatel Netetetstnts ic tetetets 1.13 
GlOOO Watayerensvaraves tol aveyeveteselaloloueteratetetelb over ehelelsisterKelstets 1.10 
SOOO ae srarevercherci el nickle los =: bye lett -u-Falore clei) cranes seieletatar sien: 1.04 
MONS ShowscanoododabocéoneTunUGNOONr ao Deon t 1.02 
IVA NU Sn chic OboOds CO OOIUDOR ODORS TONS SOR AD OC AOD 1.00 
ZO OOO cievetevavematstetateta\aiel« al eleieteilel efeletelensittelotalstaleteletenai= 0.99 


The wet flashover voltage at 12,000 ohm resistivity is obtained by 
multiplying the measured flashover voltage by the correction factor 
corresponding to the actual resistivity of the water used in the test. 


2. Air density and humidity correction factor for 60 cycle dry 
flashover tests. 


For bushings with gaps in voltage classes 23 kv and higher, the meas- 
ured flashover voltage shall be increased 3 per cent for each grain 
the absolute humidity falls below standard, and shall be decreased 
3 per cent for each grain the absolute humidity exceeds standard. 


For all bushings in all voltage classes, in addition to the foregoing 
correction for humidity, the measured voltage shall be corrected 
in inverse proportion to the relative air density based upon standard 
conditions of 760 millimeters of mercury and 25 degrees Centigrade 
for the range from 90 to 110 per cent of normal density. 


3. Air density and humidity correction factor for impulse flashover 
tests. 


For bushings with gaps in voltage classes 23 kv and higher, the 
measured flashover voltage shall be increased 2!/, per cent for each 
grain the absolute humidity falls below standard, and shall be 
decreased 2!/, per cent for each grain the absolute humidity exceeds 
standard. 


For all bushings in all voltage classes, in addition to the foregoing 
correction for humidity, the measured voltage should be corrected 
in inverse proportion to the relative air density based upon standard 
conditions of 760 millimeters mercury and 25 degrees Centigrade for 
the range from 90 to 110 per cent of normal density. 


It is recognized that the humidity and air density 
correction factors may have to be changed when 
more complete data are available. 


SHORT-TIME OVERLOADING OF TRANSFORMERS 


It has long been recognized that power trans- 
formers of the oil immersed type may be loaded in 
excess of their ratings under certain conditions. 
The A.I.E.E. Standard No. 100 at present estab- 
lishes recommendations for continuous overloads 
when ambient temperatures are different from those 


ELECTRICAL ENGINEERING 


of the rating standards of section 13. Within the 
past year the transformer subcommittee has planned 
to extend the scope of this publication by including 
recommendations for short-time overloads. 

These recommendations have been completed for 
oil-immersed self-cooled transformers. The con- 
siderations upon which they are based and the 
proposed schedules of overloading were published 
in the October 1934 issue of ELECTRICAL ENGINEER- 
ING,* and constructive criticism of the proposal is 
invited. 
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Loading a Bank of 


Dissimilar Transformers 


Formulas for determining the unbalance in 
load of 3 dissimilar single phase trans- 
formers operating 3 phase, delta-delta 
connected. 


By 
J. A. BOCK 


Westinghouse Elec. and Mfg. Co., 
haron, Pa. 


Sometrmes it is necessary to oper- 
ate 3 dissimilar single-phase transformers in a delta- 
delta connected bank. These units may have differ- 
ent impedance and voltage ratio or either different 
impedance or voltage ratio. When operated in this 
manner it is necessary to know the maximum load 
that can be carried by the bank. A similar condition 
exists in case there are several 3-phase banks in 
parallel and one of the units should fail. 


Full text of a paper recommended for publication by the A.LE.E. committee on 
power transmission and distribution. Manuscript submitted April 3, 1934; 
released for publication May 28, 1934. Not published in pamphlet form. 
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The object of this article is to present a set of 
formulas to determine the maximum load that can 
be taken from this bank of dissimilar transformers, 
and the unbalance of current and voltage. It is 
assumed that the primary voltages and the secondary 
line currents are balanced. 

Ret 


E,4', Ez’, Ec’ = primary voltage 
Ea, Ez, Ec = secondary voltage 
Iq, In, I; = line current 


Ia, Iz, I¢ = winding current 
. secondar 

Na, Nz, Ne = turn ratio oe 
primary 


% IR drop X E? 
kva X 105 


if , _ % IX drop X E? 
XGA, Xz, Xo = reactance in ohms = etleva Sth ae 


Ry, Rs, Ro = resistance in ohms = 


The resistance and reactance are referred to the 
secondary side. 


Ea’ — E,’ = Ec’ 

Ez’ a= aE 4! 

Ea’ = ak,’ 

a = —0.5 +7 0.866, a? = —0.5 — 7 0.866 


The symbol ~ is used to denote a complex quantity. 
Voltage Ey’ is used as the reference vector. 


Ta = ty = de. 
Vo BH) V/3 la (1) 
Ty = Cig 
f. =ala . 
fg=Ipg+], 
= Gs + ala (2) 
Tca= site (3) 
‘Ea = NaEa’ — 14(Ra+ Xa) (4) 
= N4Ea' — (Lp + afa)(Ra + X4) (5) 
E, = NEE Ral e(Re +7 Xp) (6) 
= NpotE 4! — Ip(Re +7 Xz) (7) 
Eo = Nec — Ic(Re + j Xe) (8) 
= NoaE 4’ — (Le — Ia)(Re + j Xe) (9) 


E,+ Esg+ Ec =0 (10) 


Substituting eqs 5, 7, and 9 in eq 10 and solving 
for I;, we have 


ie NaEa'+ Np o®Ea'+ No ak a'—ala(RatjXa) + Ia(Ro+jXc) 
zs Ra + Rp + Ro +j(Xa + Xs + Xe) ap 


I, can be found from eq 1. After I, is known I, 
can be found from eq 2 and I, from eq 3. 

Substitute the currents I,, I,, and I, in eqs 4, 6, 
and 8 to find the voltage across the 3 phases. These 
voltages when substituted in eq 10 should equal 
zero. 

The scalar values of the currents may be cal- 
culated from I,, I,, and Ip. If any of the currents 
exceed the values which the corresponding windings 
can catry without overheating, then the load on the 
entire bank must be reduced to prevent overloading. 

The above formulas assume the load is at 100 
per cent power factor. If the load is at some other 
power factor, the currents should be multiplied by 
the vector corresponding to it; thus, if the load is at 
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80-per cent power factor lagging, the factor to multi- 
ply the current by would be 0.8 — 70.6. 


EXAMPLE 


There are 3 1,000-kva transformers available, 2 of which have a 
voltage ratio of 33,000 volts to 2,300 volts, 0.0328-ohm resistance 
and 0.2275-ohm reactance. The third unit has a voltage ratio of 
33,000 volts to 2,200 volts, 0.029-ohm resistance and 0.0983-ohm 
reactance. The load is to be at 80-per cent power factor lagging. 
What is the maximum load that can be carried and what is the volt- 
age unbalance? 


Na = 2,200/33,000 = 0.06666 Ng = Ne = 2,3800/33,000 = 


0.0697 
R, = 0.029 ohm X4 = 7 0.0983 ohm 
Rz = Re = 0.0328 ohm Xz = Xo = 7 0.2275 ohm 
i = ee aes, ; Maximum current ae can carry 
I, = — jvV/3 (455) (0.8 — 7 0.6) = —4738 — 7 631 
ip = 


33,000 [0.06666 + 0.0697(—0.5—7 0.866) + 0.0697(—0.5+j 0.866) ] 
(0.0328 + 70.2275) + (0.029 + 70.0983) 
—~(—0.5 + j0.866)(—473 — 7631)(0.029 + ye 
70.0983) + (—473 — 7631)(0.0328 + 70.2275) 
3(0.0328 + 7 0.2275) + (0.029 + 70.0983) 


33,000 [0.06666 + 0.0697 (—0.5 — j 0.866) + 0.0697 (—0.5 + 
7 0.866)] = —100 + 70 
— (-0.5 + 7 0.866) (—473 — 7 631) 
(0.029 + 7 0.0983) = —32 
+ (—473 — 7 631)(0.0328 + 7 0.2275) 


— 7 74.16 


= +128.3 — 7 128.4 
937871202 56 


2 (0.0328 + 7 0.2275) + (0.029 + 7 0.0983) 
= 0.0946 + 7 0.5533 
» _ —3.7 —j 202.56 _ (—3.7 — 7 202.56)(0.0946 — 70.5533) _ 
Te = 7946 + 70.5533 (0.0946 + 70.5533)(0.0946 — 7 0.5533) 
=112.6, — 717.1 
0.315 


—357 — j 54.38 = 361 amp 

(—857 — 7 54.3) + (—0.5 + 7, 0.866)(—473 — 7 631) = 
426.5 — 7 148.8 = 451 amp 

= (—357 — 7 54.3) — (—473 — 7.631) = 116 + 7 577 = 589 


I tl 


~« 
es 


I 


E,’ = 33,000 (—0.5 — j 0.866); Ec’ = 33,000 (—0.5 + j 0.866) 
E4 = 0.06666 X 33,000 — (426.5 — 7 148.8)(0.029 + 7 0.0983) 
2,200 — 28 — 737.6 = 2,172 — 737.6 = 2,175 volts 


Ex = 0.0697 X 33,000 (—0.5 — 70.866) — (—357 — 7 54)(0.0328 + 
j 0.2275) 
= —1,150 —7 1,992 — 04 +7 82.9 = —1,150.4 — 7 1,909.1 = 
% 2,230 volts 
E¢ = 0.0697 X 33,000 (—0.5 + 7 0.866) — (116 + 7577) (0.0328 + 
j 0.2275) 


Three-phase transformer connections, showing sym- 
bols used 
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= —1,150 +7 1,992 + 127.6 — 745.38 = —1,022.4 + 7 1,946.7 
= 2,200 volts 
DTZ Sa Si. 
—1,150.4 — 7 1,909.1 
—1,022.4 + 7 1,946.7 
—0,000.8 — 7 0,000.0 


Under these conditions transformer C is carrying 136 per cent load. 


CHECK: 


, ._ 100 
So the load on the bank must be reduced in the ratio 136’ or the 


maximum load the bank will deliver is 2,220 kva. 

Assuming the normal line voltage is 2,800, then H4 = 94.4 per 
cent, Ep = 97 per cent, and Ec = 95.6 per cent. The maximum 
unbalance is 97 — 94.4 = 2.6 per cent. 


Control of Transients 
in Welding Generators 


The fundamentals of d-c arc welding genera- 
tors are reviewed inthis paper, and the effect 
of transient currents and voltages upon per- 
formance is described. It is then shown 
how the transients may be controlled by 
internal arrangements which reduce the 
induced voltages in the stator circuit and at 
the same time increase the series reactance 
of both the field and armature circuits. A 
new welding generator designed with these 
features is next described; it is a modifica- 
tion of the split pole type of self-excited 
machine. Also, comments on the tech- 
nique of testing welding generators are 
presented. 


By 
F. B. HORNBY 


ASSOCIATE A.1.E.E. 


General Elec. Co., 
Lynn, Mass. 


See generators for 
use in arc welding, generally known as “‘single operator 
welders,”’ differ from conventional d-c machines in 
2 main and very important respects. The welding 
generator is a changing flux instead of a constant 
flux machine and never operates under steady load. 
These 2 fundamental differences are so great that new 
conceptions and new methods of treatment are neces- 
sary if the operation and design of welding machines 
Full text of a paper recommended for publication by the A.I.E.E. committee on 
electric welding, and scheduled for discussion at the A.1.E.E. winter convention 


Jan. 22-25, 1935. Manuscript submitted Oct. 22, 1934; released for publica- 
tion Oct. 25,1934. Not published in pamphlet form. 
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are to be understood. Much of the theory of self- 
regulating generators is well known, but a review of 
the major points may help to clarify other points and 
give a better conception of the machine and its 
operation. 

The voltampere curve of a conventional type of d-c 
generator is shown in curve A of figure 1. The 

steady state voltampere curve of a welding generator 
is shown in curve B of figure 1. In the conventional 
generator the slight droop is caused by resistance and 
crowding of the flux due to armature reaction. In 
the welding generator these effects are of minor 
importance. The drooping characteristic is caused 
by a definite and major reduction in armature flux. 
This change in flux may be due to series turns, arma- 
ture reaction, or other means, and may result in 
reducing the total flux or in shifting the flux from one 
circuit to another. The important point is that a 
large change in armature flux must take place if the 
drooping curve B is to be obtained. 

An arc welding generator under open circuit condi- 
tions is primarily the same as a conventional type of 
generator; the application of load to the machine 
produces the change in flux necessary to obtain the 
drooping characteristic. Variations in welding cur- 
rent necessitate changes in flux in the machine. Ifa 
change in welding current does not produce a 
corresponding change in armature flux, then the 
generator will have the same characteristics as the 
conventional type of machine. 


I-FUNDAMENTALS OF GENERATOR TRANSIENTS 


Changing flux always tends to produce voltages 
which cause currents to flow and these currents 
oppose the change in flux. Any eddy currents pro- 
duced in the iron or copper of the machine wil! tend 
to prevent the change in flux. If the changing flux 
threads a field coil, it will produce currents in the 
field circuit, which also tend to prevent the change in 
flux. All of these effects retard the flux change, and 
produce a time lag between the change in welding 
current and the change in flux. This time lag will 
cause the generator to operate at some point between 
the conventional generator steady state curve A, 
figure 1 and the welding generator steady state 
curve B, or on the dynamic curve, shown as curve C, 
figure 1. The greater the time lag between current 
and flux, the more nearly the slope of the dynamic 
curve C approaches the slope of the conventional 
curve A, and conversely, the shorter the time lag, 
the more nearly the slope of the dynamic curve ap- 
proaches the slope of the steady state curve B. If 
the time lag between current and flux could be 
eliminated entirely, the generator would operate 
on the steady state welding curve B. The dynamic 
curve of a welding generator is of the greatest 
importance, for a welding generator always operates 
under the transient conditions produced by welding. 
' The transient currents induced in the iron as eddy 
currents and in the field circuit as circulating currents 
arise as the flux initially tries to follow the change in 
the welding current. These transient currents are 
dependent upon the rate of change of the welding 
current and upon the impedance of the circuits. The 
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arc welding type of d-c generators 


A. \Volt-ampere curve of a conventional type of d-c generator 
B. Steady-state volt-ampere curve of a welding generator 
C. Dynamic volt-ampere curve of a welding generator 


flux is prevented from changing with the welding 
current by the presence of these induced currents 
and, therefore, the time lag between the change 
in the welding current and the change in flux is 
dependent upon the magnitude and the rate of decay 
of the induced currents. In view of these facts it is 
apparent that any factor which will reduce the rate 
of change of the welding current or increase the 
rate of change or reduce the magnitude of the induced 
currents will decrease the time lag between welding 
current and flux. This will bring the dynamic curve 
C nearer to the steady state curve B. 

The slope of the dynamic curve has a very definite 
effect upon the operation of a welding generator. 
The steeper the slope, the more nearly constant the 
welding current, for in a machine having a very 
steep dynamic curve, large changes in are voltage 
produce small changes in welding current. The 
steeper the slope the smaller the transient short- 
circuit current, for this peak current approaches the 
steady state short-circuit current as the slope in- 
creases. A steep dynamic curve denotes small time 
lag between welding current and flux and results in 
greater recovery voltage. When the arc is broken, 
the value of the voltage recovery depends upon the 
flux in the machine at that instant. Thus, if the flux 
is able to follow the change in current closely, 
considerable flux will have been established by the 
time the are is broken, with resultant high voltage 
recovery. 


REACTORS AND INTERNAL REACTANCE 


The transients in the early type of welding genera- 
tor were of such a magnitude that good welding 
could not be obtained. A reactor added to the weld- 
ing circuit greatly improved the welding char- 
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acteristics by producing a steadier arc and easier 
welding and so became standard equipment. The 
reactor limits current surges during sudden changes 
in the are and under short circuit, produces compara- 
tively high transient voltages for maintaining the 
arc, and reduces the rate of change of welding cur- 
rent. Limiting both the rate of change of welding 
current and the magnitude of the surge are the most 
important functions of a reactor. Introduction of 
the reactor results in a closer approach of the dy- 
namic curve to the steady state curve. 

Transformer reactors are an interesting and im- 
portant step in the improvement of are welding 
equipment. In the transformer reactor a secondary 
winding is connected in series with the field circuit 
of the welding generator. The relation of primary 
and secondary is such that the voltage produced in 
the secondary winding will oppose the voltage in- 
duced in the field coils of the machine, thereby par- 
tially or fully neutralizing the transient effect in 
the field circuit. This will materially reduce the 
transients in the welding generator and produce an 
effect similar to very large external reactance. It is 
of interest to note that the necessary reactance in a 
transformer reactor is much less than in a plain 
reactor. 

A welding generator or any d-c machine has a 
considerable amount of reactance in the armature, 
commutating, and series fields. Generally this 
reactance is not very effective, due to the transient 
currents flowing in the field circuit and other parts 
of the generator. If these transients are eliminated 
or materially reduced, the reactance is released to 
the welding circuit and the effective reactance be- 
comes much larger. The internal reactance produces 


Fig. 2. Schematic diagram of a split pole welding 
generator having controlled transients 
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voltage kicks similar to those produced by external 
reactors. If the reactance of the machine can be 
utilized, then transient high voltages will be avail- 
able for maintaining the arc the same as they are 
when external reactors are used. 

Consider the hypothetical case of a welding genera- 
tor in which there is no time lag between changes 
in welding current and flux; in this generator, the 
dynamic curve will be the same as the steady state 
curve. Due to the steep voltampere curve, a con- 
siderable change in the length of the are could be 
made without materially affecting the value of the 
welding current. Voltage recovery would be in- 
stantaneous, for by the time the are is broken, 
the flux would have returned to the open circuit 
value. There would be no transient surges or peak 
values of current on short circuit. Since this ma- 
chine will have minimum induced currents the in- 
herent reactance of the generator will be effective, 
and transient high voltages will be produced for 
maintaining the are. It is interesting to note that 
the welding machine inherently without transients, 
and the welding machine having the transients re- 
duced by external reactors have substantially the 
same characteristics. 

This discussion suggests that it is possible to 
produce a welding generator having controlled 
transients without an external reactor. This genera- 
tor will have all of the characteristics of the con- 
ventional type using external reactors or transformer 
reactors. From the broad point of view this is 
logical, for if the addition of an external reactor 
results in satisfactory welding characteristics, then 
it should be possible to incorporate these character- 
istics in the generator itself and make the external 
reactor unnecessary. 


II-A CONTROLLED TRANSIENT WELDING GENERATOR 


The previous sections of the paper have indicated 
the possibility of designing a welding generator to 
give excellent characteristics without the use of 
external reactance. The next few sections of the 
paper describe how this objective has been accom- 
plished. 

Briefly, it has been found possible to incorporate 
in the design of a split pole welding generator suf- 
ficient reactance and freedom from transient excita- 
tion changes, to give characteristics fully equivalent 
to those heretofore obtained by the use of an ex- 
ternal reactance. Complete elimination of the tran- 
sients is economically beyond the scope of commer- 
cial machines. Machines using reactors have limited 
transients and make good welding machines. There- 
fore, if the transients are reduced so that the same 
characteristics are obtained without the reactor, 
the generator will be a good welding machine. 

The split pole type of welding generator as de- 
signed by S. R. Bergman (see “‘A New System for 
D-C Arce Welding,” by S. R. Bergman, A.I.E.E. 
TRANSACTIONS, volume 50, 1931, page 678-80) offers a 
simple method of controlling transients. The theory 
of this machine has been amply covered in the past, 
therefore a brief résumé of the principle of operation 
is all that is necessary in this paper. 
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Fig. 3. 
900-ampere 16-volt arc. 


DESCRIPTION OF THE GENERATOR 


The generator is shown schematically in figure 2. 
The armature is the conventional 2 pole type. The 
field is divided into 4 poles with adjacent shunt coils 
connected for the same polarity. This scheme offers 
2 distinct flux paths, one through the main poles and 
one through the cross poles. Shunt fields are 
connected in series to form a single circuit. Arma- 
ture reaction and series fields are used to produce 
current control. 

The armature reaction can be resolved into com- 
ponents, one through the main poles and one through 
the cross poles. The armature reaction in the main 
poles is in the same direction as the shunt field and will 
tend to increase the main flux. High saturation in 
the main pole prevents this increase and holds the 
flux as nearly constant as is possible with saturation. 
The armature reaction in the cross poles opposes the 
shunt field and reduces and finally reverses the tlux 
in the cross pole circuit. Since the line voltage is the 
algebraic sum of the main and cross voltages, reducing 
or reversing the cross voltage reduces the line voltage. 


METHODS OF ELIMINATING TRANSIENTS 


Transient or eddy currents in the iron are reduced 
to a minimum by laminating the entire magnetic 
structure. The transient voltage induced in the 


. field circuit by the changing cross pole flux normally 


produces the greatest detrimental effect and it is 


here that the greatest improvement can be made. 
Since the rise in flux in the main pole is in the op- 


4 


posite direction to the change in the cross pole, the 


' voltages induced in the 2 coils are in opposition. 
' Unfortunately, it is necessary to minimize the rise in 


main flux. 
If the field circuit could be loaded with a reactance 
the transient current that would flow would be 
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Reproduction of oscillogram of welding operation illustrating the effect of changing the size of electrode 
All conditions constant except for diameter of electrode 


definitely limited. Since it is transient current 
that causes flux time lag, the limitation of the tran- 
sient current by a reactance in the field circuit will 
be quite effective. In the split pole generator the 
main fields may be used as a loading reactance. 
In this case, the number of turns in the main field 
should be as large as possible. Since the 2 fields are 
in series, a large number of turns on the main field 
results in high number of ampere turns. This 
magnetomotive force is consumed by the saturation 
in the main pole and since this saturated portion was 
needed to limit the effect of armature reaction, no 
difficulty is encountered from this point. There is a 
limit to the number of turns on the main pole, but 
the possible number is high enough to make the 
main coil a very good loading coil. 

Limiting the duration of the transient field current 
is just as important as limiting the magnitude. Once 
the ampere turn ratio between main and cross fields 
is fixed by design, changing the number of field turns 
does not appreciably change the ratio between steady 
state field current and transient field current. 
Changing the number of field turns will change the 
time constant of the field circuit and the duration of 
the transient current. If the number of turns in the 
fields is reduced, the duration of the transient is re- 
duced and its effect on the welding circuit is limited. 


INTERNAL REACTANCE 


The reactance of a split pole machine is higher 
than the reactance of a conventional generator. 
The split pole generator has reactance in the arma- 
ture due to leakage flux in the pole face and around 
the slots, the same as a conventional machine. In 
addition to these conventional sources of reactance, 
the cross pole circuit offers a definite path for re- 
actance flux. This flux flows through the pole, 
magnetic frame, and back through the opposite 


1601 


cross pole. This flux threads the cross coils, but 
since transient currents in the field circuit are min- 
mized, the flux is free to move and the reactance 1s 
very effective. Transient currents in iron or field 
reduce the usual leakage reactance and the reduc- 
tion of these transients increases the effectiveness of 
armature and leakage reactance as well as making 
available the reactance due to the cross flux. More- 
over, in a split pole generator the series turns are 
concentrated on 2 of the 4 poles. This requires 
twice the number of series turns as used in a differen- 
tially wound machine and gives the split pole ma- 
chine twice the series turn reactance. 

In conclusion, the controlled transient generator 
is of the split pole type with a completely laminated 
magnetic structure. The number of turns in the 
cross field coils is small and these are connected in 
series with the main coils having a large number of 
turns. The result is a generator in which the time 
lag between current and flux is reduced to a minimum 
and the effective reactance increased so that the 
machine has characteristics similar to one with an 
external reactor. 


III-TEsTING WELDING GENERATORS 


One of the most difficult problems confronting the 
designer is the determination of the characteristics 
of a welding generator. There are a number of 
well-known tests, but these do not give a definite 
means of evaluating the welding machine. This is 
to be expected since definite agreement on the 
desirable characteristics of welding generators, backed 
by conclusive test and theory, has not been reached. 

The finai criterion of a machine is its operation 
under actual welding conditions. In order to obtain 
a true evaluation of a welding machine it is necessary 
to operate the set for a considerable length of time 
under various welding conditions, for it is very 
dificult to obtain true results from short-time weld- 
ing tests. It takes considerable time for the opera- 
tor to get the feel of the set and the condition of the 
weld specimens materially affect the operator’s 
views. Perhaps the greatest single factor against a 
short-time welding test is the operator himself. 
Unless specially trained for testing, operators will 
unconsciously evaluate a set in terms of the welding 
generators they have been operating, and this is 
usually true irrespective of the quality of their regular 
machines. It has also been found that welders who 
attended their welding school only a few years pre- 
viously will invariably favor a welding machine 
similar to the machine on which they learned to 
weld. Of course, considerable progress can be made 
in evaluating a generator by means of so-called blind- 
fold tests, wherein the operator works with a number 
of electrodes without knowing the sets to which 
they are connected and attempts to pick out the 
generator which he considers the best welding 
machine. In any case, the short-time welding test 
leaves much to the imagination and the results have 
to be used with the greatest of care. 

Oscillograms of actual welding are of doubtful 
value, due to the extreme difficulty of controlling the 
conditions under which the oscillograms are taken. 
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Practically any kind of oscillogram may be produced 
by the proper selection of wire, work, and operator. 
An example of the variations that may be obtained 
in oscillographs by minor changes in conditions is 
shown in figure 3. This oscillograph was taken 
under carefully controlled conditions: an expert 
welding operator made the test after considerable 
practice, the temperature of the machine was con- 
stant, the type of wire was the same in each case, 
each weld was made on a cold plate of the same thick- 
ness and composition, and the length of are and 
value of current were the same. The weld at the 
bottom was made with 1/s inch, the middle with 
5/3. inch and the top with */15 inch electrode. The 
difference in results is obvious and illustrates that 
extreme care must be used in taking oscillographs of 
welding. Changes in type of electrode, temperature 
of parts, speed of weld, or any other condition 
materially affects the results. 

Steady state tests are naturally easy to obtain 
and are reliable. While the value of regulation, 
efficiency, saturation, and other steady state tests is 
unquestioned, these tests do not give an evaluation 
of the machine as a welding generator. 

Short-circuit tests are not actual conditions en- 
countered in welding but they can be carefully con- 
trolled and give a good method of testing for tran- 
sients. From this test, oscillograph measurements 
of the short-circuit surge current give a very good 
criterion of the transients in the machine. The 
reverse of the short-circuit test, or the voltage re- 
covery test, made by placing the machine under short 
circuit and then suddenly opening the circuit, is 
also subject to close control of the conditions, and 
again gives a very good criterion of the transients, 
as well as the voltage kick. | 

Effective reactance tests made by applying alter- 
nating current to the terminals of the welding genera- 
tor have little value unless the results can be com- 
pared directly with other machines of similar type. 
Under these conditions, the reactance value gives a 
very good comparison between the effective reactance 
of the sets. Since it is quite difficult to test with 
currents high enough to produce saturation, the 
reactance value obtained is useful only when com- 
pared with similar types of tests. 

Considering the various methods of testing, it be- 
comes evident that still further and more reliable 
methods are highly desirable. It is very likely that 
a better understanding of the desirable welding char- 
acteristics will, in turn, produce better methods 
of testing and evaluating welding generators. 

The results presented in this paper show that a 
very wide range of generator characteristics can be 
obtained by design and circuit changes, and that it is 
quite possible to incorporate within the generator 
itself all of the features required to obtain welding 
characteristics in conformance with accepted re- 
quirements. However, there is considerable dis- 
agreement in regard to relations between the welding 
generator characteristics and the production of good 
welding so that it is desirable to conduct further 
research to determine more accurately the char- 
acteristics which should be incorporated in an ideal 
welding generator. 
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Measurement of Noise 
From Power Transformers 


From the results of an investigation on a 
typical large electric power system, it is 
concluded that the specification of toler- 
able noise in transformers by means of 
measurements with commercially available 
noise meters is entirely practicable. The 
problems involved in this investigation and 
the principal results obtained are presented 
and discussed in this paper. 


By 
A. P. FUGILL The Detroit (Mich.) 
MEMBER A.I.E.E. Edison Company 


Fo. SEVERAL YEARS the residents 
in the vicinity of transformer substations have been 
becoming increasingly noise-conscious. As a result, 
the need for quiet transformers for service on electric 
power systems has been growing constantly. In 
attempting to satisfy this need, however, both the 
manufacturer and the purchaser have been handi- 
capped by the lack of any suitable standards for the 
tolerable amount of noise. In most cases, the pur- 
chaser could determine the permissible degree of 
noise by reference to existing installations of similar 
nature, but to state those requirements in definite 
terms that would be interpreted correctly by all 
concerned was well-nigh impossible. During the 
past 2 years, The Detroit Edison Company has 
been investigating the feasibility of using noise meter 
measurements as a dependable and definite means of 
specifying transformer noise. 

From the results of this investigation to date, as 
presented in detail in this paper, it is concluded 
that the specification of tolerable noise in trans- 
formers by means of measurements with commer- 
cially available noise meters is entirely practicable. 
In fact, sufficient information is now available for 2 
ratings of transformers to warrant the inclusion of 
actual values for permissible noise in future purchase 
specifications issued by this company, and similar 
values will be available shortly. for other ratings. 
This paper will be limited to an explanation of the 
method, together with a presentation of the support- 
ing experimental data, with no attempt to recom- 
mend values to be used in actual specifications as 
such values depend too much upon the judgment of 
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the purchaser and the service for which the trans- 
former is intended. 


MEASURING EQUIPMENT AND 
UniIT oF MEASUREMENT 


The type of noise meter used was that which 
measures the pressure level of the total noise with 
inherent compensation for the equivalent loudness 
of the component notes according to a predetermined 
weighting curve. Measurements were made with 
commercially available noise meters, one manufac- 
tured by the Westinghouse Electric and Manufactur- 
ing Company and one by the General Electric Com- 
pany. Since both meters have been described pre- 
viously in the technical press, no detailed description 
is needed here. (See “‘An Electrical Ear,’ by K. A. 
Oplinger, The Electric Journal, August 1931; “The 
Measurement of Machinery Noise,’ by H. B. 
Marvin, A.I.E.E. TRANSACTIONS, volume 50, 1931, 
pages 1048-51.) It is sufficient to state that this 
type of meter consists essentially of a microphone 
placed at the point at which the noise is to be 
measured, and the amplifying, weighting, and 
measuring equipment necessary to convert the out- 
put of the microphone to a reading on a properly 
calibrated miilliammeter. 

The unit in which the pressure level is expressed 
throughout this paper is the decibel, which is defined 
according to the latest proposed standards of the 
American Standards Association by the formula 


db = where p is the acoustic pressure 


P 

20 18 0003" 
of the sound wave in dynes per square centimeter. 
It should be noted that the reference pressure used, 
0.0002 dynes per square centimeter, corresponds to 
a reference intensity of 10~'® watts per square centi- 
meter as specified in the proposed standards. Asa 
rcugh guide for those not familiar with this unit of 
measurement, it might be stated that a transformer 
having a total noise of 50 decibels could barely be 
heard 300 feet away on a quiet night while a trans- 
former having a total*noise of 70 decibels could be 
heard easily at twice that distance. For the range 
of values in this paper, a change in total noise of 
less than 0.5 to 1.0 decibel probably would not be 
noticed by the average listener. 


SUMMARY OF CONCLUSIONS 


Although the investigation as originally planned 
has not been entirely completed, sufficient informa- 
tion has been obtained to warrant definite conclusions 
on that phase of the problem dealing with the de- 
velopment of a method to be used in the specification 
of noise. Based upon the results of more than 2,500 
separate noise meter measurements on about 60 
transformers in actual service at 20 city and suburban 
substations, the following conclusions are drawn: 


1. The tolerable noise in a transformer can be specified satisfac- 
torily as the average total noise for at least 25 microphone positions 
located according to the general plan shown in figure 1. The trans- 
tormer must be so located that the meter reads inherent noise un- 
affected by external conditions. -The make of the noise meter to be 
used in the measurements must be stated. 
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Fig. 1. Typical positions of microphone for use in 
measuring total noise for specification of tolerable 
noise in transformers 
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2. At the present time, noise meters of different makes do not give 
the same results, even when compensation for dissimilar weighting 
networks is included. In the 2 meters compared, a difference of 
at least 8 decibels was found. To facilitate the general acceptance 
of noise specifications, some standard of reference should be es- 
tablished against which different meters can be calibrated. Prefer- 
ably, the manufacturers of noise meters should include similar 
weighting networks and calibrate their instruments for equal read- 
ings. Obviously, this should not be difficult as the difference is 
not due to fundamental differences in the design of the meters. It 
is to be hoped that the subcommittee of the American Standards 
Association that is now working on the development of meter stand- 
ards and calibration methods, together with the manufacturers of 
noise meters, will be able to solve this problem in the near future. 


3. Solongas the same meter, or probably a meter of the same make, 
is used, the results of measurements of the total noise of transformers 
taken under conditions readily obtained in practice can be depended 
upon for purposes of comparison if the method suggested in the first 
conclusion is followed. On the average, measurements could be 
repeated the same day within 0.5 decibel. Using the average of 
8 repeated measurements over a period of 21/, months as the refer- 
ence, individual measurements during this period averaged within 
1.0 decibel of this reference. The maximum differences were about 
double these values, 1.2 and 2.1 decibels, respectively. 


4. The results of noise meter measurements clearly differentiate 
between quiet units and others. Individual transformers measured 
within about 3 decibels of the average for each group of duplicate 
units, while the difference between the average noise for trans- 
formers considered quiet and the average for any other group was 
about 8 to 10 decibels. 


GENERAL PLAN OF THE INVESTIGATION 


Until a few years ago, the measurement of noise 
was a highly specialized problem requiring trained 
experimenters with delicate equipment which could 
hardly be used outside the laboratory. With the 
introduction of modern noise measuring equipment, 
however, noise measurement uo longer was reserved 
for the research scientist, but became a useful tool 
in the solution of practical noise problems. It 
seemed reasonable, therefore, that measurements 
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with a noise meter could be used to specify per- 
missible noise in transformers. It was obvious that 
the result for a single position of the microphone 
was not adequate because of the nonuniform char- 
acter of the sound pattern around the transformer. 
Not only does a slight change in the position of the 
microphone sometimes change the reading on the 
meter by several decibels, but also the noise at one 
point is not a true indication of the noise from the 
complete transformer. It seemed probable, how- 
ever, that the average of measurements of total 
noise for a series of microphone positions forming an 
envelope around the transformer as shown in figure 1 
might be a true criterion of the acceptability of a 
transformer. Before such a method of noise speci- 
fication could be accepted, experience had to be 
accumulated-to answer 3 questions: 


1. Can such an average value be checked on repeated measurements 
on a given transformer under practical conditions of measurement? 


2. Are the values obtained on different, transformers about the 
same for transformers considered about equal in noise character- 
istics, and, for transformers considered unequal, is there sufficient 
difference to insure proper discrimination? 


8. ‘Are the requirements as to extraneous noise and the relative 
positions of surrounding reflecting surfaces so stringent as to make 
such measurements prohibitive? 


Considered theoretically, there were many reasons 
why all the questions might be answered in the 
negative. For instance, since noise meters were 
somewhat untried, there was some doubt about their 
accuracy when used under the practical conditions of 
field testing. It was evident even to a casual ob- 
server that the readings were affected by such factors 
as air movement against the diaphragm of the micro- 
phone, mechanical vibration of the microphone sup- 
port, temperature of the instrument, and extraneous 
magnetic fields. Furthermore, it was not certain 
that the inherent noise of the transformer bore a 


Table I—Comparison of Repeated Measurements of Total 
Noise With the Same Meter 


Group 1 2 3 4 5 6 
Date of Test Average Total Noise in Decibels 
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direct relationship to its design and type of construc- 
tion, or that it remained constant from day to day 
even with the same load and voltage. Again, there 
was no complete data to indicate the magnitude of 
the effect on the measured noise of the extraneous 
noise level and the relative character and position 
of surrounding reflecting surfaces. As in all noise 
problems of a complicated nature, the simplest and 
most positive method to obtain information on these 
factors was by experiment. In this case, it seemed 
best to check their combined effect by taking a com- 
prehensive series of measurements in the field on 
transformers in actual service under a range of condi- 
tions, using men regularly employed for such test 
work to make the measurements. Such an experi- 
ment would indicate whether laboratory accuracy 
in the control of extraneous conditions or the con- 
stant supervision of highly trained experimenters 
was necessary to obtain reasonably accurate results. 
If so, such a method would not be accepted generally 
by the electric power industry and must be dis- 
carded in favor of some more practicable scheme. 

The general plan of the investigation to answer 
the 3 questions stated may be outlined by grouping 
the measurements according to their purposes: 


1. The first group was made to determine the consistency of re- 
peated measurements for 3 conditions: with the same meter, with 
different meters of the same make, and with meters of different 
makes. In all tests, measurements of total noise were made for a 
given set of microphone positions around a given transformer. This 
procedure was repeated on the same transformer several times under 
such different extraneous conditions as prevail during actual opera- 
tion, and the results were compared. 


2. The second group was made to indicate the comparison between 
the measured results and the noise characteristics of a transformer. 
Representative readings of total noise were taken on a large number 
of different transformers and the average results werecompared. The 
classification of transformers according to these results then was 
checked against the opinions of listeners as to the noise character- 
istics of these same units. 


8. The third group, which was not complete at the time this paper 
was written, is intended to show the effects of extraneous noise and 
surrounding reflecting surfaces. To do this, the total noise of a 
given transformer will be measured with these factors varied, and 
the results will be compared. 


CONSISTENCY OF REPEATED MEASUREMENTS 


The first group of measurements may be sub- 
divided further, as suggested, to show results with 
the same meter, with different meters of the same 
make, and with meters of different makes. 

Results With the Same Meter. To determine the 
comparison using the same meter, a 6,000 kva 
transformer installation was selected at a substation 
in a well-developed residential district close to a 
heavily traveled highway. Using the same meter, 
a reading of total noise was taken at each of the 
microphone positions shown in figure 2 several times 
during a period of 21/2 months. Each time, the 
readings for the 12 microphone positions equally 
distant from the transformer and at the same height 
were combined to obtain the 6 groups of average 
values tabulated in table I according to the date of 
measurement. The readings for the same day were 
taken from 1 to 3 hours apart. No changes were 
made in the meter during this period except that the 
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Fig. 2. Positions 
of microphone for 
checking consis- 
tency of measure- 
ments on 6,000- 
kva 3-phase trans- 
formers 
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batteries were renewed between the 2 readings 
taken on September 5. The differences between 
comparable results of measurements taken within a 
few hours of each other, as shown in the center of the 
table, show a maximum difference for this condition 
of measurement of 1.2 decibels with an average of 
less than 0.5 decibel for the first 3 days. The com- 
parison for September 5 shows that an average 
difference of about 2.0 decibels may be expected 
between readings with new batteries and those at 
the minimum values set by the manufacturer. The 
comparison of the 8 readings taken over the 2!/; 
month period shows a greater difference than those 
taken the same day, as would be expected because 
of the possibility for wider variation in external 
conditions. Since the average of the 8 results for 
each group tends to be the correct value, the differ- 
ence between any reading and this average is a 
measure of the accuracy to be expected in repeated 
measurements. As indicated in the tabulation at the 
end of table I, the maximum difference obtained 
was 2.1 decibels and the average of all these differ- 
ences was less than 1.0 decibel. 

In view of the fact that an average listener would 
have considerable difficulty in differentiating be- 
tween 2 transformers 1.0 decibel different in total 
noise, even by comparing them directly, it is believed 
that the accuracy of this check is well within that 
required for practical measurements. It should be 
remembered, moreover, that some of these readings 
were taken at night under quiet conditions while 
others were taken during periods of heavy traffic, 
that the transformer was in regular service so that 
its load and voltage varied to some extent, that the 
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noise meter was not calibrated at the laboratory 
during that period, that different operators were 
used to read the meter, that the battery voltage in 
the meter varied over the complete range considered 
allowable by the manufacturer, that the meter was 
transported by automobile at least 2,500 miles dur- 
ing that period, and that weather conditions were 
not constant, although all readings were taken in the 
late summer. It is believed that with more careful 
control of some of these factors, particularly meter 
battery voltage, transformer load and voltage, and 
extraneous noise, even closer checks could be ob- 
tained. 

Results With Meters of the Same Make. The 
measurements to determine the comparison between 
different meters of the same make were not so con- 
clusive because 2 such meters were not available. 
During the period of test, however, one of the 
meters was sent back to the factory for minor changes 
and recalibration. When it was returned, the cor- 
rection factors and calibration curves were all differ- 
ent so that it corresponded to a different meter of 
the same make. Several groups of readings were 
made on 6,000 kva transformers before recalibration 
and repeated after the meter was returned. The 
average results for each group, tabulated in table 
II, show a maximum difference of 2.4 decibels with 
an average for the 6 groups of 1.3 decibels. Inas- 
much as these comparative measurements were 
taken from 6 to 18 months apart, this close check is 
considered reasonable proof that similar meters 
made by the same company can be used for obtaining 
comparative values for purposes of noise specifica- 
tion. 

Results With Meters of Different Makes. Measure- 
ments made to check the difference between results 
obtained with 2 meters of different makes fall into 2 
classes. For the first class, measurements were made 
on 2 different banks of 1,000-kva single-phase trans- 
formers with microphone positions as shown in figure 
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Fig. 3. Positions of microphone for checking con- 
sistency of measurements on 500-kva single-phase 
transformers 
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Table II—Comparison of Repeated Measurements of Total 
Noise With One Noise Meter Before and After Factory 


Recalibration 


Group 1 2 3 4 5 6 
Before recalibration, db..... 60:9)... aD Vibe os Ol. ene O96 Ss pO olay ato eee 
After recalibration, db... .’...60.1....57.9. ...62.1,.. .61.2..,.63.17.. 6073 
Difference pea vents. ie cus OFS SOV On eer bli Olsen veo aera 1.0.... 2.4 
Average differences)... ssnvcdien constek cite use ais Priel ttRi ieiatenne tony 1.3 decibels 
Table II|—Comparison of Repeated Measurements of Total 


Noise With 2 Noise Meters of Different Makes 


Group 1 2 ~=«Avg.~ 3 4 5 6 7 Avg 
Meter A, db...64.0..62.8....... 623% 9597-4. 69.6%) 660056454 526278 aera 
Meter B, db...60.3..58.0.......56.3..54.2..54.2..60.9..57.4. .57.8..... 
Difference*. <2 857. . 4.824022. 60s 5752. 1540. 5. a 720) Oe Omaome 


* Correction for weighting network adds about 4.0 decibels to these values. 


3. Readings for all positions of the microphone were 
made with one meter, and immediately thereafter 
repeated with the other meter. Not more than 15 
minutes elapsed between readings with different 
meters, so there was little chance for conditions to 
change. For the second class of measurements, 
readings were taken on 2 6,000-kva 3-phase trans- 
formers with microphone positions similar to the 
6 inch groups in figure 2, with additional readings 
at a height of 9feet. In these tests, however, several 
days elapsed between the measurements with one 
meter and those with the other. As indicated by 
the maximum difference of 2.1 decibels in the results 
obtained under similar conditions when the same 
meter was used, any greater difference than this 
can rightfully be charged to dissimilarity between 
the meters. The first 2 columns of table III give 
the results of this comparison for the first class of 
measurements and the remaining 6 columns give the 
results for the second class. As indicated, an average 
difference between meter readings of 4.2 decibels 
was obtained for the readings taken practically 
simultaneously, and 5.8 decibels for those taken on 
different days. Unfortunately, these 2 meters were 
not designed for equal weighting of the component 
notes. Since the dissimilar results might be ac- 
counted for on this basis, correction should be made 
for this factor. Applying this correction on the basis. 
of the analysis of total noise which was made at the 
time the total noise was measured, it was found that 
the correction of about 4.0 decibels added to the 
difference already found making the corrected 
difference between meter readings at least 8.0: 
decibels. 

From this series of measurements, it may be con- 
cluded that measurements of total noise with a noise 
meter of this type, taken under practical conditions 
of measurement can be relied upon for purposes of 
comparison so long as the same meter is used, and 
probably so long as meters of the same make are 
used. Measurements with meters of different makes, 
however, cannot be compared directly unless the 
proper correction is obtained and applied. Until 
such time as the industry establishes a standard 
reference against which different meters can be cali- 
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AVERAGE TOTAL NOISE IN DECIBELS 


1925 


1926 1927 1929 

YEAR OF PURCHASE 
Fig. 4. Average total noise from transformers in ser- 
vice on The Detroit Edison Company system 
A. 500-kva 24,000/4,800-volt single-phase transformers 
B. 6,000 - kva 24,000/4,800 - volt 3-phase transformers 
—-—Average for group 


1930 


brated, or the manufacturers of noise meters recali- 
brate their meters to read alike, it will be necessary 
to indicate the make of meter in specifying noise. 


CORRESPONDENCE BETWEEN 
METER READINGS AND TRANSFORMER NOISE 


As previously stated, the second series of readings 
was taken to determine whether the result of such a 
total-noise measurement is a proper criterion of the 
acceptability of a transformer from the standpoint 
of noise. According to the procedure previously 
outlined, measurements of total noise were made on 
57 transformers which had been in actual service 
from 5 to 18 years. This number included 2 ratings, 
500-kva single-phase, and 6,000-kva 3-phase, some 
purchased as duplicate units, and some obviously 
different as to construction of tank and inherent 
design. It was apparent that the noise character- 
istics varied over a wide range; some units, particu- 
larly in the smaller rating, were so noisy that they 
would not be considered acceptable today, and 
others were about as quiet as any that have been built 
for these ratings. 

The average results of total-noise measurements 
on all these transformers are plotted according to 
the year of purchase in figure 4. The dots con- 
nected by the solid lines are the values for units pur- 
chased at the same time as duplicates. It is quite 
probable that some of the units purchased at different 
times may be essentially duplicates as far as all 
factors affecting noise are concerned; this point was 


not checked, however, because of insufficient informa- 


tion regarding the design of the transformers. 

An analysis of the values plotted in figure 4 clearly 
shows a correspondence between the design of a 
unit and its measured total noise. For units of dupli- 
cate design, which were built according to the same 
design specifications and under the same manu- 
facturing conditions but with no special emphasis 
on their noise characteristics, the maximum differ- 
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ence between the value for any unit and the average 
for the group was 3 decibels. However, the differ- 
ence between the average values for transformers 
that were obviously different in design was at least 
8 decibels. This indicates that once the funda- 
mental factors causing noise in transformers are de- 
termined, it should be possible to build quiet trans- 
formers consistently according to a given design. 
Furthermore, assuming that only transformers of 
the lowest group for each rating were considered ac- 
ceptable, there would be no difficulty in differentiat- 
ing between those units and the rest of the trans- 
formers tested, depending solely on the results of total 
noise measurements. 

There still may be some question, however, as to 
whether the classification of these transformers ac- 
cording to noise meter measurements corresponds 
to a similar classification by ear, which, after all, 
is the basis upon which a unit is judged after in- 
stallation. The transformers covered by these 
measurements were in actual service at different sta- 
tions so that it was impossible to judge the compara- 
tive noise by listening alternately to one transformer 
after another. It is exceedingly difficult to differen- 
tiate by ear between transformers that do not differ 
greatly in noise characteristics when those units are 
several miles apart. In this case, however, there 
was sufficient difference to permit dividing the trans- 
formers roughly into 3 groups, those considered quiet, 
those considered normal, and those definitely noisy. 
Of the 500 kva transformers, there was no doubt that 
the units purchased in 1928 were very quiet, and 
those purchased in 1920 were exceptionally noisy; 
the ones purchased in 1916, 1918, and 1929 were 
somewhere between these 2 extremes, and were 
considered about normal for this class of transformer. 
Of the 6,000 kva transformers, there were no ex- 
ceptionally noisy units and the only ones that ap- 
peared other than normal were those purchased in 
1930. These were definitely quieter than any others 
of the same rating on the system. From this cor- 
respondence between the logical classification of 
these transformers by meter measurements and the 
rough grouping according to the opinions of listeners, 
it seems safe to conclude that the results of total- . 
noise measurements on such meters can be depended 
upon in purchasing transformers according to noise 
specifications. 

It is of interest to note that the 500 kva units that 
measured about 70 decibels were considered noisy, 
while the 6,000 kva units that measured about the 
same were considered normal. This is probably 
because it is customary to expect less noise from 
smaller units, and indicates that different values for 
acceptable noise probably should be used for differ- 
ent sizes of transformers. It is interesting to note 
also that the 500 kva units purchased in 1916 and 
1918 are practically equal in noise to those pur- 
chasedin 1929. Apparently during that period, there 
was no pronounced trend toward quieter transformers. 


EFFECT OF EXTRANEOUS CONDITIONS 


The information so far obtained is believed to 
furnish reasonable proof that it is practicable to 
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specify the inherent noise of a transformer, provided 
only that the unit under test is so located that the 
measurements are not seriously affected by extrane- 
ous noise and by the proximity of major reflecting 
surfaces. In any specification for transformer noise, 
definite requirements as to these 2 factors should be 
included. It is the present plan to continue this 
investigation to obtain more comprehensive data 
on the effects of these factors. From the limited 
information now available, the requirements do not 
appear to be particularly stringent so long as the 
transformer can be located outdoors for measure- 
ment. Apparently, any open space corresponding 
in size and noise conditions to an average lot in the 
residential section of a large city probably would be 
suitable, particularly if the readings were taken at 
night. Whether or not such measurements could 
be made inside the manufacturer’s factory buildings 
without serious error is problematical. It is be- 
lieved that additional investigation will show that 
this is entirely possible, although the measurements 
may have to be made at night. At any rate, the 
difficulties of such measurements are not insurmount- 
able and some solution can be found with a little 
study. 


ANALYSIS OF TRANSFORMER NOISE 


It may be contended that an analysis of the trans- 
former noise into its component notes, as well as the 
total noise, should be used for specification purposes. 
At the start of this investigation, it was thought 
that it might be necessary to specify the maximum 
value for the largest component note, but now it 
appears that in the majority of cases, the specifica- 
tion of total noise will be sufficient. However, in 
view of the fact that there may be a few instances 
where the values of the component notes are impor- 
tant, several analyses of transformer noise already 
have been made and more will be made as time 
permits. 

Admittedly there are still several factors in the 
general problem of specifying noise in transformers 
that remain to be studied, but it seems that sufficient 
data have been collected to prove that the method of 
specifying noise outlined in this paper is satisfactory. 
In view of the increasing interest in noise being dis- 
played by the general public, the noise of a trans- 
former has become an important factor which must 
be considered in purchasing such equipment. There- 
fore in any future purchase specifications on major 
transformers issued by The Detroit Edison Company, 
it is intended that some such specification will be 
included. Other electric power companies confronted 
with this same problem have, no. doubt, tieir own 
ideas on methods of noise specification. It is hoped 
that as such information is presented, these com- 
panies will find it possible to specify transformer 
noise using, of course, values for permissible noise 
suitable to their own requirements. Only by actual 
experience with such promising methods can the 
present confusion be removed and eventual standards 
of noise specification be evolved that can be accepted 
by all concerned. 
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Cathode Ray Tubes 
and Their Application 


Several distinctive types of cathode ray 
tubes are described in this paper, starting 
with a brief description of the Braun type 
and followed by more detailed descriptions 
of recently developed types. The char- 
acteristics, the selection for a given appli- 
cation, and the operation of sealed-off 
gas-focused types and of high vacuum types 
are discussed. Also auxiliary apparatus 
is considered; and applications of cathode 
ray tubes are suggested briefly. 


By 
J. M. STINCHFIELD 


ASSOCIATE A.I.E.E. 


R.C.A. Radiotron Co., Inc. 
Harrison, N. J. 


- OR many years, the cathode ray 
tube has been known to possess unique properties 
making it indispensable for certain research in- 
vestigations. Although its usefulness and versatility 
were recognized at an early date, the cathode ray 
tube has not acquired extensive use in the fields of 
applied engineering. This slow utilization by engi- 
neers of a device having such excellent theoretical 
possibilities has undoubtedly been due in part to the 
lack of rugged, reliable, low cost, and readily avail- 
able tubes. 

Today, cathode ray tubes have reached a state of 
development such that the user can depend upon 
them for information previously obtainable only by 
more costly and more delicate apparatus. A cathode 
ray tube operated at relatively low voltages shows a 
clear, sharp trace in a well-lighted room and is 
readily calibrated so that quantitative measure- 
ments can be made. It is easily applied to a wide 
variety of practical engineering uses. 

The principle on which the cathode ray tube 
operates is illustrated by figures 1 to 5. These show 
schematically the essential elements of certain dis- 
tinctive types of cathode ray tubes. It will be seen 
that all of these have the following attributes: A 
containing envelope £ of either glass or metal for 
the purpose of maintaining in the tube either a low 
pressure of gas or a vacuum; a cathode C for the 
production of free electrons; an anode A for ac- 
celerating the electrons; a method for concentrating 
the electrons into a beam by means of apertures O, 
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or through focusing fields applied by means of elec- 
trodes F, or by externally mounted electromagnets 
M, or by a combination of these. The electrons are 
concentrated into a beam and focused to a point 
on a screen S made of a material which will show 
a fluorescent glow at the point of impact by the 
electron beam. Since the electron beam consists 
of rapidly moving electrons, it constitutes a current 
having both electromagnetic and electrostatic proper- 
ties, but without the mass ordinarily accompanying 
a conductor of current. Hence, the electron beam 
can be deflected easily and rapidly by electromag- 
netic and electrostatic fields. The deflecting fields 
produced by the phenomenon under investigation 
take the form either of electrostatic fields usually 
produced by voltages applied across the deflecting 


plates, illustrated by D in some of the figures, or - 


electromagnetic fields usually produced by current 
in coils illustrated by T in figure 5. The deflected 
electron beam traces on the screen a fluorescent 
path which can be viewed, measured, and photo- 
graphed. 


TYPES OF TUBES 


Brief descriptions of several distinctive types of 
cathode ray tubes follow. 

The Braun Type. The Braun type of cathode ray 
tube, illustrated in figure 1, is enclosed in a glass bulb 
about 50 centimeters in length. A small metal disk, 
the cathode, is mounted at the end of the bulb 
neck. The anode is a small metal rod projecting 
into the bulb from the side. Beyond the anode is a 
diaphragm separating the cathode-anode section from 
the deflecting field and the fluorescent screen section. 
The diaphragm has a centrally located aperture of 
about one millimeter in diameter. The gas pressure 
in the tube ranges from 4 to 8 microns of mercury. 
A voltage of 12,000 to 30,000 volts is usually applied 
between anode and cathode. When the tube is 


Fig. 1. 
tube 


The Braun cathode ray 


in operation, the ionized gas molecules bombard the 
cathode plate causing impact emission of electrons 
which are accelerated by the high positive potential 
toward the anode. Because the anode is small and 
on one side of the bulb, many of the electrons travel 
on past it through the aperture in the diaphragm. 
This constitutes the cathode ray or electron beam 
which is deflected by electric or magnetic fields and 
produces the fluorescent pattern on the screen at 
the enlarged end of the tube. A magnetic solenoid 
is sometimes placed concentrically over the small 
end of the tube to assist in focusing the electron 
beam on the screen. 

The Dufour Type. The Dufour type, shown 
diagrammatically in figure 3, usually employs a cold 
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cathode source of electrons similar to that of the 
Braun type but also provides for inserting photo- 
graphic plates or film inside of the tube. The 
screen end of the tube is usually made of metal with a 
removable compartment for holding the photo- 
graphic plates. A vacuum pump and pressure gauge 
are part of the operating equipment. About 12 
minutes are needed to produce the required vacuum 
which in one type is equivalent to a pressure of 10 
microns for a potential of 50,000 to 60,000 volts 
between cathode and anode. The electrons record 
by acting directly on the photographic emulsion. 
A good trace is recorded even when the electron 
stream sweeps across the film as rapidly as 100 miles 
per second. The Dufour type, due to the high re- 
cording speeds attainable, has proved most useful 
for the investigation of very high speed transient 
phenomena. However, the elaborate equipment and 
its high cost have limited the use of this type. 

The Lenard Type. The Lenard type is similar 
to the Braun type except that the former has a 
window of some thin material, usually metal foil 
or glass, on the screen end of the tube. Since the 
window must withstand atmospheric pressure, it 
requires support and is limited in size by practical 
considerations. The photographic plate for re- 
cording high speed transient phenomena is located 
outside the tube close to the window section. The 
electron beam is accelerated with about 75,000 volts. 
As a result of the high velocity of the electrons, the 
beam passes through the window and is recorded 
directly on the photographic plate. The difficulties 
of producing a satisfactory window which will not 
unduly limit the sweep of the electron beam have 
prevented extensive practical use of this type. 

The Wehnelt Type. The Wehnelt type using an 
oxide-coated thermionic cathode as the source of 
electrons was suggested by Wehnelt shortly after 
the advent of the Braun type. Figure 2 illustrates 
It is inherently 


schematically a tube of this type. 


a low voltage type, since the electrons are released 
at the cathode by an oxide-coated thermionic 
emitter in the presence of gas. Due to the effect 
produced on the cathode by the gas present in this 
type, the operating life is limited to a few hours. 

The Low-Voltage Gas-Focused Type. The low- 
voltage gas-focused type is in some respects like the 
Wehnelt type. An oxide-coated thermionic cathode 
is used but the tube is sealed off with a definite gas 
pressure. The electron beam is produced by a 
tubular anode mounted at the end of a protecting 
shield located around the filamentary cathode. 
Anode voltages from 250 to 400 volts can be used. 
The anode current is approximately 0.5 milliampere. 
The adjustment of the focus of the electron beam is 
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controlled by the filament current. D-c filament 
supply must be used. The pattern on the fluorescent 
screen is viewed best in subdued light. Recurrent 
wave forms may be photographed by focusing an 
ordinary camera on the fluorescent pattern on the 
screen. By careful operation of the filament at the 
lowest current which will focus the electron beam to a 
suitable fluorescent spot, the life of this type 1s 
extended appreciably beyond that of the earlier 
Wehnelt type. The low-voltage gas-focused type 
is useful for recurrent wave forms where low voltage 
operation is desired. 

The Medium-Voltage Gas-Focused Type. The 
medium-voltage gas-focused type is shown in figure 
4. It operates with anode voltages from 400 volts 
to 2,500 volts. The cathode consists of an oxide 


coating applied to a small section at the tip of the 
filament. The filament is operated at a voltage less 
than one volt in order to permit a-c operation. 
The filament current is controlled by means of a 


focusing electrode (anode 1), and high voltage 
electrode (anode 2). The accelerating electrode is 
omitted in some types. Beyond anode 2 is the de- 
flecting plate system or a narrow section of the 
bulb across which may be mounted electromagnetic 
deflecting coils. The fluorescent screen material is 
coated directly on the inner surface of the large end 
of the bulb. A conductive coating is sometimes 
applied to the inner surfaces of the sides of the bulb. 
The coating is conductively connected to the anode 
terminal and provides a well-defined anode potential 
free from the influence of stray charges over the 
entire region between the electron gun and the 
fluorescent screen. In some cases, the anode terminal 
is mounted on the side of the bulb. This arrange- 
ment provides spacing for the use of high voltages 
on the anode. : 

High vacuum type tubes for operation at anode 
voltages from 600 volts to 10,000 volts are available. 
Operation much below 1,000 volts does not, in 


rheostat with an ammeter in series and is kept at the 
lowest value consistent with a sharply focused spot 
on the screen. A Wehnelt-cylinder electrode around 
the cathode is operated at a negative voltage to 
control the beam focus and reduce the positive ion 
bombardment of the cathode. The tube is sealed 
off at a gas pressure corresponding to the operating 
conditions and the dimensions of the tube. The 
higher operating voltages of this type improve the 
brilliancy of the fluorescent pattern. As a result, 
the viewing and photographing properties are en- 
hanced. Better life is obtained than in the earlier 
types. This type is now used extensively in Europe 
and has been used to some extent in this country. 

The High Vacuum Type. The high vacuum type 
is illustrated in figure 5. This type has been brought 
to a high state of development in this country. It 
operates on principles similar to those of the high- 
vacuum amplifier tube. The focusing of the electron 
beam on the fluorescent screen is accomplished by 
means of electrostatic fields produced by the elec- 
trodes in the tube. In order to control the brilliancy 
of the fluorescent pattern, a control electrode is 
introduced. The beam current is controlled inde- 
pendently of focusing and of beam acceleration. 
This permits a definite control of the brilliancy of the 
fluorescent pattern. An indirectly heated cathode 
is used in this type so that it can be operated on a-c 
voltage. Rated filament voltage is supplied by a 
transformer. This type is like usual receiving tithes, 
not especially critical to line voltage fluctuations. 

The electrodes constituting the electron gun are: 
Cathode, control electrode, accelerating electrode, 
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Fig. 2 (above). 
The Wehnelt 
cathode ray tube 


Fig. 3 (right). 
The Dufour cath- 
ode ray tube 


general, give as sharp a focus as does the low- 
voltage gas-focused type. <A brilliant and well 
defined trace on the fluorescent screen of a high 
vacuum type is obtained with an anode voltage of 
1,000 volts. Inherently, there is no limitation to 
the range of anode voltages, either low or high, over 
which high vacuum tubes can be made to operate. 
Since the life of the high vacuum tube depends 
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upon the same factors that determine the life of 
high-vacuum amplifier tubes, the same operating 
life can be expected. The screen is generally very 
stable so that only excessive electron bombardment 
or heating impairs its usefulness. Inherently, there- 
fore, the life of the high vacuum type should be 
good. Practically, results confirm this statement. 
The improved cathode ray tubes now available 


Fig. 4. The gas-focused cathode- 
ray tube 


are useful not only for viewing and recording re- 
current wave forms, as were the earlier low voltage 
types, but can be used over a greater range of 
transient phenomena. For example, velocities of 
the fluorescent spot of 16 miles per second have been 
recorded with an ordinary camera and a high-vacuum 
cathode-ray tube operating at 10,000 volts. 


Factors INFLUENCING. THE SELECTION OF 
A CATHODE Ray TUBE FOR A GIVEN APPLICATION 


Some of the characteristics influencing the choice 
of a cathode ray tube type for a certain application 
are as follows: 

The Effect of Anode Voltage. Below 1,000 volts 
on the anode, the deflection sensitivity of the 
cathode ray tube is high; however, the luminous 
brilliancy of the pattern is low. The focus is liable 
to be poor, although in some tubes, particularly of 
the gas-filled low-voltage type, it is fairly good. 
The deflection of the beam is more easily influenced 
by stray fields, and distortion of the pattern is 
more likely to occur than at higher voltages. 

Voltages ranging from 1,000 volts to 2,000 volts 
produce a sharply focused spot and well defined line. 
The pattern is clearly visible in a normally lighted 
room. Periodic phenomena can be viewed, traced, 
and photographed satisfactorily. When a non- 
recurrent phenomenon is photographed, the velocity 
of the spot on the screen must be low enough to give 
sufficient illumination to record. The effect of stray 
fields on the movement of the beam can usually be 
eliminated by proper location and shielding of the 
tube. 

Anode voltages ranging from 2,000 volts to 10,000 
volts contribute toward a sharply focused spot and 
greater luminous brilliancy. This voltage range is 
useful in recording transient phenomena. The 
high voltage decreases the deflection sensitivity so 
that the deflecting voltage or current must be in- 
creased. 

Anode voltages ranging from 10,000 volts to 
75,000 volts have been used extensively in the Braun 
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tube and later in the Dufour and similar types of 
tubes for the recording of lightning surges and other 
high speed transient phenomena. The complete 


pattern in some instances is traced in from 1 to 10 
microseconds. 

Means of Deflecting Beam. One arrangement for 
deflection of the beam consists of 4 electrostatic 
deflection plates with the terminals 


connected 


through the tube base. Two of the plates may have 
a common connection. This type is useful in many 
applications where an inexpensive and compact 
tube is required. The deflector plate capacitance of 
this design is low enough and the impedance high 
enough for most applications. 

Another arrangement has 4 electrostatic deflection 
plates with separate terminals mounted on the sides 
of the bulb. The separate terminals permit a 
greater latitude in circuit connections. A mid- 
point ground connection can be used to secure a 
balanced impedance to ground. The capacitance 
between the deflector plates is low. The deflector 
plate impedance for this design can be made higher 
than with the design where connections are made 
through the base. 

An arrangement with one pair of electrostatic 
deflection plates with the terminals on the side of the 
bulb is useful when magnetic deflection can be used 
on one axis or when deflection in only one direction 
is to be used, as in recording on moving film. The use 
of combined electrostatic and electromagnetic de- 
flection is of advantage when it is necessary to reduce 
interaction of the 2 deflecting fields to a minimum. 

An arrangement without electrostatic deflection 
plates obtains deflection entirely by magnetic fields 
from externally mounted coils. Where electromag- 
nets can be used, this method permits obtaining a 
considerable range in sensitivities by the design of 
suitable coils. 

Choice of Size of Viewing Screen. A large 
sized screen permits showing a large pattern and 
good detail. In general, the accuracy of measure- 
ments may be increased by the use of a large screen, 
but often a large pattern may be examined “‘piece 
by piece’ on a smaller-sized screen with the aid of 
biasing voltages. A large screen requires greater 
deflection voltage to utilize the full screen. The 
large sized screen also means an increase in the 
over-all dimensions of the equipment assembly. 
A tube with a medium or small sized screen requires 
less space and can be used conveniently in portable 
equipment. Less deflecting voltage is needed than 
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for larger screens. Accuracy corresponding to good 
engineering practice is obtained readily with moder- 
ate sized tubes. 

Effects of Properties of Luminescent Screens. An 
efficient screen is one giving a high luminous bril- 
liancy for a given wattage input per unit of screen 
area. Since the power that can be dissipated per 
unit area of the screen is limited by heating or dis- 
integrating of the screen material and by local 
heating of the glass bulb, there is a definite limit to 
increasing brilliancy by increasing anode voltage 
and beam current. Also, as the beam current 1s 


Fig. 5. The high-vacuum cathode- 
ray tube 


increased, the size of the spot on the screen tends to 
become larger. It is evident then that a screen 
delivering high candlepower per watt input can, for 
example, record higher-speed transients than a 
similar screen with a lower efficiency. 

The persistence characteristic of the screen shows 
the brilliancy of the phosphorescent after-glow as a 
function of time relative to the initially excited 
fluorescent glow. A medium or long persistence 
screen aids in viewing transient phenomena. The 
trace on a long persistence screen may be seen for 
several seconds when viewed in subdued light. A 
short persistence screen is useful for recording on 
moving film where the time in which the relative 
brilliancy falls to a low value determines the speed 
at which the film can be operated without causing 
blurring of the trace on the film. 

The spectral characteristic of the screen shows the 
radiant energy versus wave length or the color dis- 
tribution of the excited fluorescence. A green- 
colored light corresponds most nearly to the maxi- 
mum sensitivity of the eye; a blue light corresponds 
to maximum photographic effect on ordinary blue- 
sensitive and verichrome emulsions. The green 
color in addition to its good viewing properties may 
have sufficient spectral energy in the blue region 
to be good for verichrome emulsion and gives addi- 
tional photographic sensitivity when supersensitive 
panchromatic film and plates are used. 

Effect of Conductive Coating on Bulb. A conductive 
coating on the inner surface of the bulb is effective 
in bringing the anode potential close to the screen. 
This produces greater freedom from stray fields, 
better ability to respond to high speed transient 
phenomena when the beam current is switched on 
and off rapidly, and less current pick-up by the de- 
flector plates. For example, when a very high de- 
flector-plate resistance is desired, a tube with inner 
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coating and separately mounted deflector terminals 
on the bulb should be used. Conductive coating is 
sometimes applied to the outer surface of the bulb 
to serve as an electrostatic shield. 


Means of Focus and Brilliancy Control. The 


adjustment of focus and brilliancy of the trace on 
the screen may be made by separate controls such as 
are used on typical high vacuum types, or these 
adjustments may be limited to the control of focusing 
with the brilliancy being determined by the anode 
voltage. The latter arrangement is commonly used 
in the Wehnelt-cylinder gas-focused type. The use 


of a separate brilliancy control permits an increase 
above normal for short periods while photographic 
records are being made. It also permits the use of 
low voltages to control the beam current. 

High Vacuum and Gas Types of Cathode Ray 
Tubes. The high vacuum type is independent of 
frequency from zero up to high radio frequencies 
where the electron velocity due to deflecting fields. 
approaches the electron velocity due to anode 
voltages. 

The gas type is independent of frequency until the 
deflection velocity becomes great enough to interfere 
with the ionization of the gas by the electrons in 
the beam. Since the focusing depends upon the 
ionization of the gas along the path of the beam, 
the focus becomes poor at high radio frequencies. 

The deflector plate resistance is in general lower 
for the gas type than for the high vacuum type. 
This is especially noticeable for small deflecting 
voltages, or when the source of driving power is 
limited. The deflector plate resistance of the high 
vacuum type depends upon the electron current 
collected by the deflector plates. This can be made 
as low as desired by reducing the beam current or 
by the use of a tube with an internally coated bulb. 

When tubes are operated at anode voltages below 
1,000 volts, sharper focus is generally obtained with 
gas type tubes designed for low voltage. 

In general, there is less background light on the 
screen in a high vacuum than in a gas type. 

The operating life of the gas type may be limited 
by cathode bombardment or change in gas pressure. 
The life of the high vacuum type is inherently good. 

Effects of Deflector Plate Capacitance and Imped- 
ance. A deflector plate capacitance of a few micro- 
microfarads and a deflector plate resistance in excess 
of a megohm will have a negligible effect when con- 
nected to most circuits. When the circuit requires 
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low capacitance, the spacing and mounting of 
the deflector plates should be considered. The 
deflector plate resistance in a high vacuum type 
may be increased by the use of lower beam current. 
However, brilliancy of the pattern need not be sacri- 
ficed if higher anode voltage is available. An in- 
ternal coating on the bulb also increases deflector 
plate resistance of the high vacuum type. 

Linearity of Deflection. Distortionless electro- 
magnetic deflection requires a uniform distribution 
of magnetic field across the path of the beam. The 
stray magnetic field should not concentrate in the 
focusing region. With this method of deflection 
control, it is advantageous to use a tube having 
provision for properly located and closely spaced 
electromagnets. With correctly designed tubes using 
electrostatic control, the deflection is linear with 
voltage. 

Response to High Speed Transient Phenomena. 
The high-speed transient response of the gas focused 
type is determined by the time required for ioniza- 
tion, which is of the order of 10~® seconds. 

When the high vacuum type is used for viewing or 
recording high speed transients, where the beam 
current is switched rapidly on and off, a momentary 
accumulation of charge may occur on parts of the 
bulb before sufficient time to obtain equilibrium 
has been reached. The use of a tube with an in- 
ternally coated bulb eliminates the possibility of 
any such difficulty. 

There is no inherent time or frequency limitation 
in the case of the high vacuum type, although with 
conventional tubes, at frequencies of about 108 
cycles per second or a wave length of about 3 meters, 
a limitation begins to appear due to the finite ve- 
locity of the electrons. This limitation also exists 
in other types of high vacuum tubes; the limiting 
frequency being determined by the physical di- 
mensions of the tube and the accelerating voltage. 


INSTALLATION AND OPERATION 
OF THE GAS FocusED TYPE 


The hot-cathode gas-focused cathode-ray tube 
can be compared with a gas filled detector tube. 
As in the case of other gas filled tubes, particular 
care should be taken to see that rated voltages are 
never exceeded. It is essential to long filament life 
that the tube should be used at the lowest filament 
voltage and lowest anode voltage which will give a 
sharp focus and sufficient brilliancy on the fluores- 
cent screen for the particular application. It is 
always advisable to use a meter to show the filament 
current and to have the filament current continuously 
adjustable between the maximum rated value and 
approximately 1/2 this value. 

Some of these types can be operated on d-c fila- 
ment voltage only. Other types may be operated 
with a-c filament supply. The a-c types usually 
operate with less than one volt on the filament to 
avoid the effects of a-c ripple. The filament current 
should be adjustable and kept as low as consistent 
with obtaining a sharply focused spot. The fila- 
ment current may be lowered slightly after the tube 
has heated. During the life of the tube, a gradual 
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increase in filament current is usually required to 
produce a sharp spot on the screen. The focusing 
voltage on the Wehnelt-cylinder electrode is kept 
as negative as possible consistent with a sharply 
focused spot. The brilliancy of the pattern may he 
increased by using higher anode voltage, but the 
maximum rated anode voltage should not be ex- 
ceeded. In general, the 3 operating parameters of 
the tube are anode voltage, filament current, and 
Wehnelt-cylinder voltage. For a fixed value of one 
of these, there may be several combinations of the 
other 2 which will give an approximately focused 
spot. Generally, the first 2 should be kept at as lowa 
positive voltage as possible and the latter, as negative 
as possible. 

It is advisable to shield the tube from the influence 
of stray electric and magnetic fields. The stray 
fields from transformers, chokes, and auxiliary 
apparatus may be avoided by a suitable disposition, 
spacing, and orientation of parts. Likewise, stray 
fields from equipment external to the cathode ray 
apparatus can be minimized. 


INSTALLATION AND OPERATION 
OF THE HIGH VACUUM TYPE 


The high vacuum cathode-ray tube is in many 
respects like a high vacuum amplifier tube. No 
special technique is required in installing and operat- 
ing the tube other than that normally used in the 
handling of high vacuum amplifier tubes. The 
cathode is indirectly heated, like an a-c amplifier 
tube, from the winding of a transformer and is 
operated at rated voltage without any adjustments. 
The currents to the electrodes of the electron gun 
usually total 0.1 or 0.2 milliampere or less so that the 
current in the voltage divider may be as low as about 
one milliampere. Under these conditions, the ripple 
in the rectified voltage is small and a condenser of 
0.5 to 2.0 microfarads supplies adequate filtering. 
The d-c power required is low so that a small trans- 
former with proper insulation for the high voltage 
can be used. A few one watt carbon resistors and 
potentiometers serve as the voltage divider. A 
half-wave rectifier or a voltage-doubler rectifier 
circuit is suitable. The rectified d-c voltage is 
approximately equal to the peak of the a-c voltage 
for the half-wave circuit or twice this value for the 
voltage doubler circuit. The rectifier tube carries 
only a small current but must withstand a peak 
inverse voltage of twice the peak a-c voltage of the 
transformer. 

The control electrode is normally operated with a 
bias voltage negative with respect to the cathode. 
It is used for controlling the beam current and hence 
the brilliancy of the fluorescent pattern. Usually, 
the control electrode voltage is made adjustable by 
means of a potentiometer tap in the voltage divider 
in order to permit a range of voltage from zero to a 
voltage sufficiently negative to cut off the beam 
current completely. 

When the tube has an accelerating electrode, it is 
normally connected to a fixed tap on the voltage 
divider corresponding to rated voltage. 

The focusing electrode (anode 1) is used to focus 
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the beam current to a sharply defined spot on the 
screen. The voltage of this electrode is usually 
equal to approximately !/; of the voltage on anode 2. 
A range of adjustment upward to about 1/3; of the 
voliage on anode 2 is usually allowed. 

When the brilliancy of the fluorescent pattern 1s 
adjusted, considerable defocusing sometimes results 
due to the regulation of the high-resistance voltage 
divider. This is readily corrected by adjusting the 
focusing voltage, or it may be eliminated, if desired, 
by increasing the current in the voltage divider. 

If a range of anode voltages is required, a po- 
tentiometer on the line voltage side of the high volt- 
age transformer will change the voltage on all 
electrodes simultaneously. This method will keep 
the pattern approximately in focus. Proper location 
or shielding of the tube is advisable in order to avoid 
the influence of stray electric and magnetic fields. 


SWEEP CIRCUITS AND AUXILIARY APPARATUS 


In order that the wave form of phenomena pro- 
ducing a vertical deflection may be viewed, a hori- 
zontal deflection is applied to sweep across the 
screen at a uniform rate. The linear time sweep 
may traverse the screen only once when observing 
a nonrecurrent wave form or it may be arranged to be 
returned rapidly to its starting position and to 
repeat the linear time sweep. 

When the frequency of the wave form being ob- 
served is a multiple of the repetition frequency of the 
linear time sweep, the wave form remains stationary 
on the screen. The number of cycles of the wave 
form appearing throughout the sweep on the screen 
shows the ratio of the frequency of the wave form 
to the frequency of the linear sweep voltage. Thus, 
a sweep frequency of 3,000 cycles per second shows 4 
cycles of a 12,000 cycles per second wave form. 

A linear time-sweep generator with good linearity, 
short-return sweep time, good frequency stability, 
and adjustable in frequency from very low fre- 
quencies to the upper audio frequency range, is 
available with present tubes. The type RCA-885 
gas filled triode tube was especially designed for 
this service. With suitable circuits, a sweep of 200 
volts amplitude (or by special arrangements, 400 
volts amplitude) can be obtained. The linear time 
sweep is generated by charging a condenser at a 
constant current rate. The constant current char- 
acteristic of the plate circuit of a pentode amplifier 
tube is used preferably as the constant-current con- 
trolling device. A diode operated at low filament 
voltage to produce saturation may also be used for 
this purpose. Another means consists in using only a 
small portion of the initial charging curve of the 
condenser. Since the exponential charging char- 
acteristic of a condenser is initially linear, the use of a 
high resistance in series with the condenser and a 
high charging voltage will permit an appreciable 
amount of voltage across the condenser before it 
departs appreciably from linearity. Either the 
charging or the discharging voltage of the condenser 
may be arranged to produce the linear time sweep. 
The return sweep occurs on discharge or charge 
according to the circuit arrangement. The time 
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constant of the circuit causing the return sweep 
should be low with respect to the time of the sweep. 
Generally, the arrangement is used in which the 
condenser charging produces the linear time sweep 
and the discharge the return sweep. Any one of 
these methods properly employed is capable of a 
high degree of linearity. 

The return sweep occurring on the discharge of 
the condenser may be accomplished electrically by a 
gas filled triode or in certain applications it may be 
done mechanically by a rotating contact, a tuning 
fork, or other means. The gas filled triode permits 
a large frequency range and locked synchronization 
with the wave form being observed. Synchronization 
is locked by means of a small amount of wave form 
voltage coupled to the grid circuit of the gas filled 
triode. The mechanical method either controls the 
phenomena being observed and is, therefore, self- 
synchronized, or it provides a standard with which 
the frequency of the wave form can be compared. 

Other time bases are used for various applications. 
A 60 cycle per second wave of approximately sine- 
shape voltage from the power line is often useful as a 
sweep voltage. When the amplitude is made large 
enough to cause the end portions to sweep beyond 
the limits of the screen, the central portion is nearly 
linear. If the frequency of the wave form being 
observed is a multiple of 60 cycles per second, the 
wave form will appear stationary on the screen and 
will have an approximately linear time distribution. 
Since the sweep and the return sweep of the 60 
cycle per second voltage are the same, the wave form 
is spread twice across the screen. One method for 
preventing confusion of the wave form pattern con- 
sists in applying some of the 60 cycle per second 
voltage with a 90 degree phase shift to the de- 
flection in the vertical direction. The result is that 
the sweep and the return sweep appear as 2 separate 
lines on the screen, since the 60 cycle per second 
voltages sweep out an elongated ellipse instead of a 
line. Another method consists in making the re- 
turn sweep invisible by applying some of the 60 
cycles per second voltage with a 90 degree phase 
shift to the brilliancy control electrode. The beam 
current is cut off during the return sweep by the 
negative half of the 60 cycles per second voltage. 
Where exact linearity is not necessary, this 60-cycle 
sweep method is convenient. Since there are a 
large number of 60 cycle intervals over the audio 
frequency range, a stationary wave form is readily 
obtained. The wave forms of different frequencies 
can be spread to convenient proportions by increas- 
ing the 60 cycles per second sweep voltage within the 
limits permissible in the deflecting circuits of the 
cathode ray tube. 

A circular time base is often useful for frequency 
comparisons. In general, an ellipse results with 
axes parallel to the deflecting directions when volt- 
ages of the same frequency but with a 90 degree 
phase relation are applied to the deflecting plates. 
When the deflection amplitudes in the 2 directions 
are equal, the ellipse becomes a circle. The voltage 
with a 90 degree phase relation is readily obtained by 
means of a condenser and resistance. If the voltage 
source supplying the circular time base is changed 
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rapidly from zero to a maximum, the successive 


circlés produced by each cycle are swept into a 


spiral. The spiral affords a convenient time sweep 


of known variable velocity and of considerable 
length on the screen. 

Other auxiliary apparatus used frequently are 
amplifiers and current transformers. Resistance 


coupled amplifiers are most useful when uniform 


response over a wide frequency range is needed. 
For extremely low frequencies and d-c voltages, 
directly coupled amplifiers are used. For high fre- 
quencies where a wide range is needed, resistance 
coupled amplifiers having screen grid or pentode 
tubes and low plate-load resistances are used. The 
resistance coupled amplifier is used to amplify 
voltages to the proper level for applying them to 
electrostatic deflecting plates or electromagnetic 
deflecting coils. If a low resistance is introduced 
into a circuit where current is to be observed, a 
small voltage drop in the resistance is produced 
which may be amplified to a level suitable for de- 


- flecting the cathode ray beam. 


*. 


Current transformers provide a means for con- 
verting current into voltage suitable for direct 
connection to the electrostatic deflection plates. 
When a uniform response over a frequency range is 
desired, the primary of the current transformer is 
connected across a low resistance in the circuit in 
which the current to be observed flows. The in- 
ductance of the primary is made high so that its 
reactance in the frequency range used will be large 
with respect to the resistance. The voltage de- 
veloped across the primary is stepped up by the 
turn ratio of the transformer, the secondary of which 
is connected to the deflection plates. For example, 
with a turn ratio of 100 to 1 and the primary shunted 
with 10 ohms, a current of 10 milliamperes will pro- 
duce 10 volts on the secondary or a peak-to-peak 
amplitude of about 0.5 inch on the screen of a 
cathode ray tube operated at 1,000 volts. 


APPLICATIONS OF CATHODE RAY TUBES 


It is impractical in a discussion of this length to 
more than hint at some of the possible applications 
for cathode ray tubes. Fundamentally, the cathode 
ray tube may be regarded as an electron pointer or 
the movement of an uncalibrated electrical indicating 
device. The calibrating scales and circuit are pro- 
vided by the user to suit his particular type of 
measuring or indicating apparatus. 

One of the simplest uses of the cathode ray tube 
is the measurement of voltage. This is most con- 
veniently done with the electrostatic deflection type 
of tube. The displacement of the spot on the screen 
is directly proportional to the applied voltage. 
When a d-c voltage is applied, the polarity as well 
as the magnitude is indicated by the displacement of 
the spot. When an alternating voltage is applied, 
the spot sweeps back and forth with an amplitude 
proportional to the peak-to-peak value of the applied 
voltage. For example, a 10-volt root-mean-square 
sine wave produces a sweep with an amplitude equal 
to 28 volts. At frequencies above 8 cycles per second, 
the sweep of the spot appears as a line, due to the 
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persistence of vision. There is no error due to fre- 
quency until extremely high radio frequencies are 
reached. Overvoltage on the deflecting plates, which 
is not excessive, merely sweeps the spot off the 
screen. Thus, the cathode ray tube, being rugged, 
having a high impedance, and being independent of 
frequency, is useful as a peak voltmeter. 

Since the electron beam can respond to several 
deflecting fields simultaneously or in rapid succession, 
the cathode ray tube can be used for time or fre- 
quency comparisons. The feature of being able to 
combine in the cathode ray tube the effects of 2 or 
even more factors makes it possible to obtain 
graphical results directly on the screen; as, for ex- 
ample, the tracing of the hysteresis characteristics 
of samples of iron and the tracing of resonance 
characteristics of tuned circuits. The inertialess 
characteristic of the electron beam makes it par- 
ticularly applicable for high frequencies, although it 
responds equally to all frequencies usually en- 
countered. It is, therefore, well suited for the 
viewing and recording of transient phenomena. 
Wave form is shown when the deflection is spread 
with a linear time-sweep voltage. A direct indication 
of phase between components of the same frequency 
is obtainable readily. Power ranging from low to 
high values and over an extreme range of frequencies 
can be determined either by amplitude and power- 
factor measurements or directly from an elliptical 
figure, the area of which is proportional to the power. 
Fluctuating pressures can be recorded, direction can 
be indicated, and many other engineering problems 
too numerous to mention here can be expeditiously 
solved with the aid of the cathode ray tube. 

In conclusion, it may be said that present-day 
cathode ray tubes are simple to use, are flexible in 
application, and can be used to advantage in the 
solution of many engineering problems. 
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Effect of Overloads 


on Transformer Life 


Effects of overloading on the life of oil- 
immersed self-cooled power transformers 
are discussed in this paper. Experience 
has shown that under average loads and 
ambient temperatures, a transformer rated 
tor a temperature rise of 55 degrees C, has a 
very long life, and can be overloaded 
considerably for short periods with little 
loss in life. 


By 
L. C. NICHOLS 


FELLOW A.!.E.E. 


Allis-Chalmers Mfg. 
Co., Milwaukee, Wis. 


4 [ee is very little published in- 
formation for telling the user of a transformer what 
the effect on the life of the transformer is, when it is 
operated at either high or low ambient temperatures, 
or when it is operated at high overloads for relatively 
long periods resulting in temperatures too high to 
operate continuously with safety. Any operation 
of the transformer consumes some of its life. Manu- 
facturers of transformers are asked questions of the 
following nature: 


1. What overload will a transformer carry without injury? 


2. What overload will a transformer carry if the ambient tem- 
perature is 0 degree C, 10 degrees C, 20 degrees C, etc.? 


3. What overload will a transformer carry for 1 or 2 hours following 
full load or following a load less than normal? 


4. How long will a transformer carry an overload without injury 
if the temperature rise is greater than 55 degrees C? 


5. What is the life of a transformer? 


6. How often can these overloads be repeated? 


Some of these questions already have been answered 
in A.I.E.E. publications. 

Present A.I.E.E. rules allowing overloads at low 
ambient temperatures, and overloads allowed as 
given in the paper entitled “Overloading of Power 
Transformers,’ by V. M. Montsinger and W. M. 
Dann, published in the October issue of ELECTRICAL 
ENGINEERING, p. 1353-5, are very satisfactory from 
many standpoints, and yet they still leave something 
to be desired. What effect on the life of the trans- 
former do these overloads have? If the transformer 
is operated within its rating, what is the life of the 
transformer? These questions cannot be answered 


Full text of a paper recommended for publication by the A.I.E.E. committee 
on electrical machinery, and scheduled for discussion at the A 1.E.E. winter 
convention, New York, N. Y., Jan. 22-25, 1935. Manuscript submitted 
er 30, 1933; released for publication Oct. 16, 1934. Not published in pamphlet 
‘orm. 
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definitely because it is practically impossible to 
gather exact data. However, on the basis of data 
presented in this paper, the following conclusions 
seem justified: 

A transformer rated for a temperature rise of 55 degrees C hasa 
very long life when operated under average loads and ambient 
temperatures. 


2. A transformer can be overloaded considerably for short periods 
with very little loss in life. 


ry 


3. Under the new proposed recommendations, emergency loads 
would consume less than !/, of 1 per cent and recurrent overloads 
less than 1/100 of 1 per cent of the life of the transformer for each 
overload. 

4, Ifa transformer is loaded at a constant load 24 hours a day in 
a 40-degree ambient temperature, then a transformer rated 1/3 larger 
than the load should be used. 


OPERATION AT LOADS GREATER THAN RATED LOAD 


Any insulating material deteriorates, and the 
deterioration is a function of both temperature and 
time. The higher the temperature the greater the 
rate of deterioration; experience indicates that the 
rate of deterioration doubles with every 8-degree C 
increase in temperature. 

Most transformers are single rated, 55-degree Crise, 
and good for operation at an ambient temperature of 
40 degrees C. This means that the hot spot tempera- 
ture in the transformer is 105 degrees C. Present rules 
of the A.I.E.E. might indicate that a reasonably 
Jong life of 15 to 20 years could be obtained if the trans- 
former were operated continuously at this tempera- 
ture. This is not correct. Tests made by placing 
different kinds of insulating material in oil for a 
period of 5 years at a temperature of 90 degrees C show 
that the material at the end of that time has aged 
to such an extent that it is exceedingly brittle; 
a transformer with insulation in this condition 
would fail from mechanical injury of the insulation, 
if there was any movement of the insulation. Tests 
also have been made on insulation for very short 
periods of time and at much higher temperatures. 
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TIME, to 

Life of transformer insulation versus hot 
spot temperature 

Per cent of life used, L = 100(ti/t)F, where ti = time 


operated at hot spot temperature T, te = life of insulation 
at temperature T, and F = safety factor 


Fig. 1. 
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Experience of actual operation in the field with trans- 
formers steadily loaded at 100 per cent load at 
ambient temperatures approaching approximately 
40 degrees C has shown that failures in these trans- 
formers have been due to deterioration of the insula- 
tion after comparatively short periods of time. 
The curves of figure 1 show the life that can be 
expected from transformer insulation when operated 
continuously at any given hot spot temperature; 
data collected from various sources indicate that they 
are reasonably accurate and sufficiently conservative 
for practical use. These curves show that if a trans- 
former were operated continuously at a hot spot 
temperature of 105 degrees C, the insulation would 
have a life of only11/; years. In orderto be reasonably 
safe, if the temperature exceeds 105 degrees C, the ex- 
pected life is divided by a factor varying from 1 at 


'100(4/240)2.6 or 4.3 per cent of the life. 


105 degrees to 10 at 250 degrees. Asanexample of the 
use of figure 1, suppose a transformer is operated with 
a hot spot temperature of 150 degrees for 4 hours. The 
figure shows a life of 240 hours, but a factor of safety 
of 2.6 must be used. Therefore when operated for 
4 hours at 150 degrees, one operation has consumed 
By means 
of this chart, if the time of operation at a given 
temperature is known, then the per cent life con- 
sumed can be calculated. 

The first reaction of most people in looking at this 
chart will be that 11/3 years’ life at a hot spot tem- 
perature of 105 degrees C is entirely too short, as this 
represents 100 per cent load continuously of a 
transformer rated for a 55-degree rise in a 40-degree 
ambient temperature, with an allowance of 10 degrees 
for hot spot. As an actual fact, a transformer is 
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copper temperature rise, 55 deg C; oil temperature rise, 40 deg C; ratio of losses, 2.75. 
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Fig. 2. Typical 
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practically never operated continuously at either a 
40-degree ambient temperature or 100-per cent load. 

A typical daily ioad on a transformer is indicated 
in figure 2 by a dotted line. This load cycle was 
obtained from a large electric power company, and 
represents the daily load cycle of that company’s 
system. This is approximated by the heavy line 
for easy calculation. The hot-spot temperature rise 
of a typical transformer is shown in the lower part 
of this chart. ; 

A transformer operated in the City of Pittsburgh, 
Pa., loaded as shown in figure 2 and with ambient 
temperatures equal to the monthly mean maximum 
temperature will have a life of 47 years as calculated 
fromfigurel. Ifoperated with ambient temperatures 
8 degrees higher than that of Pittsburgh, the life would 
be 238 years. 


OVERLOADS 


Table I shows what loss in life in per cent may be 
expected when a transformer is overloaded under 
various ambient temperatures and when various 
overloads are applied for various times following 
full load and following 50-per cent load. As the 
temperature rise of the transformer is not much 
greater at 50-per cent load than at no load, these 
charts can be used for any load following no load. 
It is to be noted that with 125-per cent load and a 
40-degree ambient temperature following 50-per cent 
load, practically none of the life is consumed until 
after a 15-min period, and in 24 hours 6 per cent of the 
life would be consumed. However, with 150 per 
cent load for 24 hours, 85 per cent of the life would be 
consumed. If, however, the ambient temperature 
is zero, only 1.1 per cent of the life would be con- 
sumed in 24 hours at 150-per cent load. In calculating 
this loss in life from resultant temperatures for 
various times, a transformer was selected that had 
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40-degree oil temperature rise and 55-degree copper 
temperature rise with a ratio of losses of 2.75. If 
the transformer had a greater ratio of losses than 
this, it could not be overloaded so much, but this 
data represents fairly accurately and conservatively 
what may be expected of practically any modern 
transformer. This table should be very valuable to 
operators, especially when emergency conditions 
necessitate overloading a transformer. For in- 
stance, a transformer operated in a 20-degree ambient 
temperature will carry 25 per cent overload for 24 
hours and only 0.6 of 1 per cent of the life will be con- 
sumed, or it will carry much greater overloads for 
shorter periods with only a small percentage of the 
life consumed, as shown by the table. 


CALCULATION OF TRANSFORMER 
TEMPERATURE RISE 


Several charts have been prepared showing how 
the temperature rise of a transformer may be esti- 
mated when carrying various overloads for different 
times, provided certain information is available. 
What must be known are the iron loss and the copper 
loss at full load, temperature rise of the oil at full 
load, temperature rise of copper over the oil at full 
load, and weights of transformer core, copper, case, 
and oil. The temperature rise at practically any 
load can be determined from these figures. The ulti- 
mate temperature rise of the oil varies as the 0.8 
power of the total loss. The ultimate temperature 
rise of the copper over the oil varies directly as the 
copper loss. 

In figure 3 are shown heating and cooling curves for 
a typical transformer. Curves A represent what the 


30 


20 


TEMPERATURE RISE , DEG C 


0 0.5 1.0 1.5 2.0 (AS) 3.0 35) 40 45 5.0 


TIME SCALE 

Fig. 3. Heating and cooling curves for a typical 
transformer 

Curves A. Energy dissipation assumed to be directly 


proportional to temperature rise 
Curves B. Energy dissipation assumed to be proportional to 
1.25 power of temperature rise, but radiating surface reduced 
to give same final temperature as for curves A 


heating and cooling would be if the temperature 
rise varied directly as the loss, which is how the 
temperature rise of copper over oil varies; curves B 
show what the heating and cooling would be if the 
temperature rise varied as the 0.8 power of the loss, 
which is how the oil temperature varies. In other 
words, the heat dissipation varies as the 1.25 power 
of the temperature. It may be noted by comparing 
curve 6 with curve A that while the initial rate of 
temperature rise and the final temperature rise is the 
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same for both, in curve B the temperature rise is 
more rapid than in curve A. Also the cooling is at 
a less rapid rate, although they both start at the 
same initial rate. 

If these heating and cooling curves were converted 
into straight lines, they could be drawn more easily, 
especially when it is desired to draw heating curves 
for many different loads. 

If a transformer heats up according to a known law, 
say with heat dissipation varying as the 1.25 power 
of the temperature rise as in curve J, it starts at an 
initial rate that can be determined from the losses, 
weights, and specific heat of the material in the 
transformer, and finally reaches an ultimate tempera- 
ture after continuous operation at a given load. 
There is only one curve that can be drawn following 
this law with the same initial rate and the same 
ultimate temperature rise. 

Figure 4 shows how the time scale can be changed 
to convert the curve into a straight line. Where 
this straight line crosses the ultimate temperature 
the time must be infinity, and where the tempera- 
ture rise is zero, the time also must be zero. Any 
convenient length may be chosen for this time 
scale that will be marked zero to infinity. The unit 
of time chosen is that time required for the tempera- 
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Fig. 4. Graphical method of laying off scale to 
convert transformer heating curve to a straight line 


Time unit = time to reach ultimate temperature rise at initial 
rate 
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Fig. 5. Graphical method of laying off scale to 
convert transformer cooling curve to a straight line 


Time unit = time to reach ultimate temperature drop at initial 
rate 
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Fig. 6. Straight-line transformer heating curves 
drawn as shown in Fig. 4 
Energy dissipation proportional to 1.25 power of temperature 
rise 
Time unit = ultimate temperature rise + initial rate of rise 
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Straight-line transformer cooling curves 
drawn as shown. in Fig. 5 
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Energy dissipation proportional to 1.25 power of temperature 
rise 


Time unit = initial temperature rise + initial rate of fall 


ture to reach the ultimate value, if the rise continued 
at the initial rate. In this length of time the 
temperature rise, following the 1.25-power law, 
reaches 68 per cent of the ultimate value; therefore, 
unit time on the time scale will be at a point 68 per 
cent of its total length from the zero point. Other 
points on the time scale are easily laid off as indi- 
cated. 

Similarly, figure 5 shows how a cooling curve can 
be made into a straight line. 

A family of heating curves drawn as just outlined is 
shown in figure 6. These curves represent tempera- 
ture rise of the oil under various loads and for various 
times for the particular transformer mentioned pre- 
viously, but are fairly typical and may be used with 
fair accuracy for any transformer. At 100 per cent 
load the ultimate temperature rise is 40 degrees C. 
A straight line then can be drawn between zero and 
40. If the temperature rise of the oil varies as the 
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0.8 power of the total loss, then the ultimate tem- 
perature rises for other loads can be calculated. 
For this purpose the resistance of the copper 1s 
taken as remaining constant and is the resistance at 
75 degrees C. Straight lines then can be drawn very 
readily for other loads. These are marked in figure 
6 in per cent as 125 per cent, 150 per cent, 175 
DeMCenL tc, 

The unit of time, however, remains to be calcu- 
lated. As defined previously, this unit of time is 
the time required for the oil to reach ultimate tem- 
perature if no heat was dissipated. To calculate 
this, the loss in the transformer, the weights of 
materials in the transformer, and the specific heat 
of the materials must be known. 


1.00 Fig. 8. Curve for deter- 
mining value of 7 when heat 
dissipation varies as the 1.25 
power of temperature rise 
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As all the material in the transformer does not 
come up to the same temperature as the hottest oil, 
only */3 of the weight of the case and 3/, of the 
weight of the oil are used in these calculations. 
This unit of time, 7, is equal to A(C + D+ E) + 
G, where A is the uitimate temperature rise of the 
oil, C equals 3.64 times pounds of core plus 2/; 
of the pounds of the case, D equals 2.93 times pounds 
of copper, & equals 14.23 times */, of the pounds of 
oil, and G is the total loss. 

As the ultimate rise A does not vary directly as 
the loss but as the 0.8 power of the loss, the unit of 
time is different actual time for each load. This 
unit of time has been calculated for the various loads 
and indicated on the curves of figure 6 immediately 
adjacent to the per cent load. With these straight 
lines drawn, the temperature rise of the oil for any 
load for any time can be read. For instance, sup- 
pose a transformer starts cold and 100-per cent load 
is applied for 8 hours, or 480 minutes. As the unit 
of time is 223 minutes, 8 hours is represented by 2.15 
on the time scale, and the temperature rise of the 
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Suppose 50-per cent overload 
is applied for 2 hours. The 150-per cent curve at 
36.5 degrees C is 0.7 on the time scale. Two hours 
from that time is 120 minutes, and as 7 for this curve 
is 196 minutes, add 0.61 in time, making a total of 1.31; 
this gives an oil temperature of 52.5 degrees C.  Simi- 
larly, the temperatures for any successive loads that 
would cause an increase in temperature can be calcu- 
lated. 

The cooling that can be expected from any tem- 
perature with the transformer disconnected from the 
line is shown by the curves of figure 7. The value 
of r to be used depends upon the initial temperature 
and is the same value as would be used on the heat- 
ing curve (figure 6) according to the ultimate tem- 
peraturerise. At40 degreesC,7 would be 223 minutes, 
the same as shown in figure 6 for 100-per cent load 
which gave an ultimate temperature rise of 40 degrees. 
With a transformer having an initial oil temperature 
of 51 degrees C, 7 is 210 minutes, or in 210 minutes 
the oil would cool off to 20 degrees C. 

If a transformer, however, is operated at a load 
that would cause the oil to cool off from its initial 
temperature, then figure 7 must be used, but a straight 
line must be drawn from the initial temperature rise 
on the left side of the chart to the ultimate tempera- 
ture rise on the right side of the chart, this ultimate 
temperature rise of course being determined from 
the energy generated in the transformer. However, 
the value of 7 under this condition must be calcu- 
lated according to figure 8. Withthe ratio R of the 
ultimate temperature to the initial temperature de- 
termined, it is possible to read multiplier A by which 
7 as determined in figure 7 for the initial tempera- 
ture must be multiplied to give the new value of + 
to be used. 

The curves in figure 9 are for use in calculating 
the temperature rise of the copper over oil. As the 
temperature rise of the copper over oil varies directly 
as the copper loss, these curves can be used both for 
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heating and cooling. The unit of time in minutes is 
equal to 2.93 times the pounds of copper times the 
ultimate temperature rise of the copper over the oil 
divided by the copper loss, or is equal to 2.93 times 
the temperature rise of the copper over oil divided by 
the watts loss per pound. In this particular ex- 
ample these curves are drawn with 15-degree differen- 
tial between copper and oil for 100-per cent load, this 
temperature rise of copper and oil varying as the 
square of the load for other loads. For this particu- 
lar transformer the unit of time is 4.25 minutes; by 
referring to the curve it may be seen that in 4.25 min- 
utes the temperature of the copper would be 10 degrees 
C higher than that of the oil at 100-per cent load. 
These curves show that if the load is applied for 20 


A Thermionic- Tube 


Measuring Instrument 


A universal measuring instrument for com- 
munication circuits has been developed 
which has a number of advantages over 
previous methods of obtaining measure- 
ments in such circuits. This thermionic- 
tube instrument gives direct measurements 
of current, voltage, power factor, or power 
in communication circuits and is accurate 
over a wide range of frequencies. 


By 
TOM B. WAGNER 


Portland, Ore. 


1 he A-C power taken by communica- 
tion apparatus is seldom measured directly. This 
is due primarily to the lack of a satisfactory direct 
reading power instrument such as the wattmeters 
used in commercial power circuits. The power 
taken in communication circuits is usually only a 
fraction of a watt and sensitive instruments are ac- 
cordingly required. Then, too, communication fre- 
quencies cover the wide band from about 50 cycles 
to millions of cycles per second. This prevents the 
use of ordinary commercial power instruments. 

Power measurements in communication circuits 
are determined from J?R values; the current is read 
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minutes the copper will reach its ultimate temperature 
rise over the oil, and therefore these curves need 
not be used unless the overloads are for less than 20 
minutes. If now 200-per cent load is applied for 41/, 
minutes following full load, the 200-per cent load 
curve should be used; 15-degree C rise is at 0.29 on 
the time scale, and 4!/, minutes more would be 1.29 
and the oil rise 43 degrees C. Similarly temperatures 
during cooling can be found by using this same chart, 
the value of the time scale remaining thesame. It is 
only necessary to draw a straight line from the initial 
temperature on the left-hand scale to the ultimate 
temperature for the load in question on the right- 
hand scale and read directly the temperature for any 
intermediate time as indicated by the time scale. 


with a thermocouple instrument and the effective 
resistance is measured with a bridge. ‘The resist- 
arice R is, however, sometimes difficult to measure; 
for example, the resistance offered by a loud speaker 
varies with the current used. Also, this method is 
slow and laborious, and while it can be employed, it 
does not offer the same flexibility that can be ob- 
tained with direct reading devices such as ordinary 
wattmeters. 

With the appearance of the Wunderlich thermi- 
onic tube, having 2 symmetrical and hence equally- 
effective control grids, the possibility was recognized 
of utilizing this tube as a basis for a vacuum 
tube wattmeter. By impressing a voltage propor- 
tional to the current taken by the load being meas- 
ured on one grid and the voltage across the load on 
the other grid, it seemed possible that the alternat- 
ing current in the plate circuit of the tube would be 
proportional to the product of the load voltage E, 
the load current J, and the cosine of the angle be- 
tween E and J. Asa result of this investigation it 
was found that the device not only operated as a 
wattmeter, but it could readily be used to give volt- 
age, current, or power factor separately, thus supply- 
ing a means of measuring the 4 fundamental elec- 
trical quantities. 


THEORETICAL CONSIDERATIONS 


The Wunderlich tube has an indirectly heated 
cathode and is not unlike the common type 27 tube 
except for 2 control grids instead of the conventional 
single control grid. In Fig. 1 the arrangement of 
the electrodes in the Wunderlich tube is shown. 

In the instrument here described, the tube was 
biased to operate essentially as a linear amplifier. 
That is, when an a-c voltage E, is superimposed on 
the d-c bias E, of one of the control grids of the tube, 
this a-c voltage affects the electron flow to the plate 
of the tube in the same relation as the polarity and 
magnitude of the a-c impressed on the grid. This 
process is shown graphically in Fig. 2. This pul- 
sating plate current is passed through a transformer 
to separate the d-c from the a-c component. The 
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alternating voltage appears on the secondary side of 
the transformer and operates a suitable indicator. 
If an a-c voltage of the same frequency is simul- 
taneously impressed on the other control grid of the 
tube the electron flow to the plate will depend upon 
the magnitudes and phase relations of these 2 a-c 


= 
tape BIAS | 

INPUT VOLTAGE 
Fundamental circuit*of the universal 
measuring instrument for communication circuits 


Fig. 1 (left). 


Fig. 2 (right). Grid characteristics of the Wunderlich 
tube 
voltages. That is, if in-phase a-c voltages of 3 volts 


are placed on each grid of the tube, the indicator 
will give a certain reading. After changing the 
grid voltages to 2 volts on one grid and 4 volts on the 
other grid the total grid input voltage is still 6 volts, 
and the indicator reads the same as before. It was 
found by tests that this was about the greatest dif- 
ference in the a-c grid voltages that could be em- 
ployed to give the same indicator reading as for 
equal a-c grid voltages (the sum of the a-c voltages 
being the same in either case). 


DESCRIPTION OF THE INSTRUMENT 


One of the most important features of this instru- 
“ment (shown in Fig. 3) is the possibility of inserting 
it in a circuit without disturbing the circuit. In 
Fig. 4 a complete diagram of the instrument is shown 
and the photograph shows the parts and their ar- 
rangement as used in the experimental study. The 
resistance of the potentiometer R,; was 4 ohms. It 
was found necessary to use a low value of resistance 
for this series resistor in order to keep the power 
losses and JR voltage drop in the instrument as low 
as possible. 

A 3-stage resistance-coupled vacuum-tube amplifier 
was used to increase the voltage drop across R; suf- 
ficiently to excite one of the grids of the Wunderlich 
tube. This is the current measuring part of the 
circuit. It might appear that the amplifier would 
cause a phase distortion or change in wave shape, 
but this is not true. Observation with an oscillo- 
graph showed no phase or wave form distortion be- 
tween the input and output circuits of the amplifier. 

The resistor R, is connected in parallel with the 
output circuit and is of high resistance to keep the 
power losses low. This is the voltage measuring 
part of the instrument. 

If the a-c voltages across R, and R, are substituted 
for the a-c generators in the grid circuits of the tube 
in Fig. 1 the device is complete, and the thermo- 
couple current will depend upon the magnitudes and 
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Equipment of the universal measuring instru- 
ment for communication circuits 


Fig. 3. 


phase relations of these voltages. To -have satis- 
factory coupling between the plate circuit of the tube 
and the low resistance thermocouple used in the in- 
dicator circuit a high ratio step-down transformer 
giving suitable transfer impedance was used. 


OPERATION AS AN AMMETER 


For use as an ammeter R, is set at zero and R; and 
R3 are set at predetermined points, depending upon 
the magnitude of current to be measured. The mi- 
croammeter connected to the thermocouple is the 
indicator, and from an over-all calibration curve 
(Fig. 5) the current through R; is read. 


OPERATION AS A VOLTMETER 


For use as a voltmeter R, and R; are set at zero 
and R, is set at some predetermined point, depend- 
ing upon the magnitude of voltage to be measured. 
The voltage is read from an over-all calibration curve 
(Fig. 6) plotted against readings of the microamme- 
LOL. 


OPERATION AS A WATTMETER 


For power measurements R; and R, are set at 
given points, depending upon the current and volt- 
age magnitudes. The microammeter then gives 


AMPLIFIER 


Fig. 4. Complete circuit of the universal! instrument 
used in securing calibration curves 
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Fig. 6. Voltage calibration 
for universal instrument 


Fig. 5. Current calibration 
for universal instrument 
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an indication of the power being consumed by the 
load. As for the ammeter and voltmeter, the power 


values are read from an over-all calibration curve 


(Fig. 7). In using the instrument care should be 
exercised that the maximum a-c voltage does not 
exceed the d-c bias voltage on the control grids of 
the tube. 


OPERATION AS A POWER Factor METER 


For operation as a power factor instrument R; 
and R, are first set at zero. Resistor Ris then varied 
until the microammeter connected to the thermo- 
couple reads an arbitrary scale (in these tests) of 20, 
corresponding to 6 ma of thermocouple current. 
The dial reading of R. is recorded. Then R, is 
brought back to zero. The resistor R; is then set 
at some convenient point, and R; is varied until the 
microammeter again reads 20. 

With R, and R; left at these points, Ry is set on 
the dial reading previously obtained. The magni- 
tude of the voltages on each grid is now the same, 
although these voltages do not necessarily have the 
same phase relations. If they have the same phase 
relations the microammeter will read 78 (12 ma ther- 
mocouple current) as shown on the calibration curve 
(Fig. 8) for 100 per cent power factor. If there is a 
phase difference between these 2 voltages the micro- 
ammeter will read less than 78 as shown by the 
curve (Fig. 8), giving an indication of the power 
factor of the load. 

The calibration was obtained at various power 
factors with a load composed of pure capacitance 
and resistance in series. Knowing the JR drop from 
the product of the load current and resistance, and 
dividing this /R drop by the total load voltage meas- 
ured with a voltmeter, the per cent power factor was 
obtained. While the curve is plotted from experi- 
mental data, it is possible to check each end of the 
curve by simple calculations. 

When the load has unity power factor the current 
reading of the microammeter should be double that 
produced when setting either grid from equal a-c 
potentials. Under typical operating conditions a 
scale reading of 20 indicates 6 ma of thermocouple 
current. Doubling this value of 6 ma gives 12 ma 
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Fig. 8. Power factor cali- 


bration for universal instru- 


ment 
Each grid set to cause indicator to 
read 20 
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Fig. 7. Power calibration 
for universal instrument 


Ea = —9.5 volts E, = 210 volts 


and the scale reading on the microammeter for 12 
ma is 78, which is the correct reading for 100 per 
cent power factor. For zero power factor the a-c 
grid voltages are 90 deg out of phase and can be 
represented by current vectors as in Fig. 9. The 
current J, is the vector sum of the 2 equal currents, 
or 1.414 X 6 ma 8.5 ma. This 8.5 ma corre- 
sponds to a scale reading on the microammeter of 
09.5. Therefore, a scale reading of 78 will give 
unity power factor, and 39.5 gives zero power factor. 
This checks very well with the experimental cali- 


Fig. 9. Wector diagram of grid 
voltages at zero power factor 


bration curve of Fig. 8. In a similar manner, using 
either trigonometric or graphic solution, other points 
on this curve can be checked. 


CONCLUSIONS 


1. The error of the instrument as used in this investigation is 
approximately 2 per cent for frequencies ranging from 100 cycles to 
3,000 cycles. 


2. The instrument would undoubtedly work very well at much 
higher frequencies if proper shielding and other construction refine- 
ments were employed. 


38. The instrument consumes negligible power from the source, 
and does not affect circuit conditions materially. 


4, The calibration curve for power factor can be checked mathe- 
matically. 


5. Four measuring instruments can be included in one, namely, a 
voltmeter, an ammeter, a wattmeter, and a power factor instrument. 


6. The chief objection to the instrument is the indirect method of 
measuring power factor, requiring several adjustments to make a 
reading, thus increasing the chances for errors. 


7. Although exhaustive tests were not made to determine the error 
due to poor wave form, it does not appear that the error would be 
greater than with other measuring instruments. Moreover, in most 
laboratory tests for which this instrument is particularly adapted, 
sine waves are used. 
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Measurement of Noise 
From Small Motors 


An analysis and summary of some of the 
concrete problems and considerations in- 
volved in the measurement of noise caused 
by fractional horse power motors are pre- 
sented in this paper. Some experimental 
data and several important conclusions are 
given, but much remains to be done before 
standardization is possible. Desirable char- 
acteristics of a noise meter for this applica- 
tion are pointed out. 


By 
Cc. G. VEINOTT 


ASSOCIATE A.1.E.E. 


Westinghouse Elec. & Mfg. 
Co., Springfield, Mass. 


IV of the total noise 
of a small motor undoubtedly presents a different 
aspect from the standpoint of a practical motor 
engineer than it does from an abstract physical 
viewpoint. If motor noise is to be measured as a 
routine test in quantity production, it is necessary to 
develop instruments and a technique whereby some 
indication of this noise can be made near the pro- 
duction line in a noisy factory. It is necessary, 
therefore, to develop means for measuring or obtain- 
ing an indication of the motor noise in noisy sur- 
roundings, where the noise is likely to vary consider- 
ably and where there are likely to be all sorts of in- 
termittent noises, such as hammering, that would 
affect a noise meter considerably. The quietness of 
the modern fractional horse power motor renders 
this problem the more difficult. At this immature 
stage of the art, it is unwise to attempt to recommend 
any instrument or technique for purposes of stand- 
ardization. It is hoped, however, that this pres- 
entation of some of the aspects of the problem will 
prove of value to future investigators and will 
stimulate other papers on this subject. 

The principal points brought out in this paper and 
the conclusions reached may be summarized as 
follows: 


ile ; Motor noise should be classified into 2 groups: (a) air-borne 
noise, and (b) transmittable noise, or potential noise that may be 
transmitted through the mounting structure. 


ZA “sound proof” box for measuring air-borne noise should have 
sound insulation that reduces the noise level at least 40 decibels. 
(This is based upon a factory noise level of 70 to 80 decibels.) 


8. The interior of this box should be acoustically dead, that is 
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it should have as short a time of reverberation as possible. Also, 
no 2 interior walls should be parallel, in order to minimize errors 
from standing waves. 

4. The box should be large enough so that a reasonable spacing, 
say a foot, between the microphone and the motor can be used. 


5. For measuring air-borne noise, the motor should be mounted on 
an effective noise insulating base. 


6. While it is desirable to have the microphone a foot away from 
the motor, the microphone should be of such a type and construction 
that it can be placed nearer the motor when necessary. 


7. A satisfactory type of microphone remains to be developed. It 
does not appear that the condenser microphone, the crystal micro- 
phone, or the moving coil microphone as at present developed are 
entirely satisfactory. 


8. It is important that the meter should be able to read both an 
unweighted and a weighted total noise. 


9. Ina practical noise meter, provision should be made so that the 
signal indicated on the output meter can be listened to by means of 
high quality headphones. A pair of headphones, and a little 
judgment as to the quality of the sound, are often of great assistance 
in determining whether or not a reading is of any value. When 
using the headphones, the signals should be unweighted. 


10. The question of pitch, in connection with motor noise, often is 
raised. A quantitative measurable indication as to whether the 
noise is composed mainly of low or high frequency components is 
highly desirable. For this purpose, the author proposes the term 
“quality index,’ abbreviated QI, which is defined as the difference 
between the weighted and unweighted intensities, expressed in 
decibels. 


MEASURING MoTor NOISE IN A LARGE ROOM 


Before plunging deeper into the subject, it may 
be well to mention the type of noise meter used for 
the greater part of the experiments discussed in this 
paper. The meter used was described fully by Os- 
bon and Oplinger (see ‘““A New Portable Meter 
for Noise Measurement and Analysis,’ Journal 
of Acoustical Society of America, July 1933, pages 
39-45). The sound pick-up is a standard high 
quality condenser microphone of the type exten- 
sively used in broadcasting and sound recording. 
It has a 3-stage amplifier included in the micro- 
phone housing. The electrical output from this 
microphone is fed into a high-quality 3-stage trans- 
former-coupled amplifier with a calibrated attenua- 
tor in the input circuit and a calibrated meter to 
measure the output. The system is arranged to 
give a flat frequency response from 100 to 6,000 
cycles per second. A weighting network that gives 
an over-all response approximating the 50 decibel 
loudness contour of the standards proposed by the 
American Standards Association can be switched into 
the circuit at will. (See ‘Proposed Standards 
for Noise Measurements,’’ by Harvey Fletcher, 


Fig. 1. Set-up 
for measuring air- 
borne noise from 
a fractional horse 
power motor 
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ELECTRICAL ENGINEERING, volume 52, November 
1933, pages 744-6.) A jack is provided so that it 
is possible to listen, by means of headphones, to the 
signal being picked up by the microphone for meas- 
urement. 

To form an idea of the sound field surrounding 
a small motor, a typical motor was chosen and 
mounted on a noise insulating base, as shown in 
figure 1. The base and motor were placed on a small 
table in the center of a noise proof room which was 
approximately 12 feet square. Figure 2 shows the 
measured weighted intensity levels at various dis- 
tances from the motor in various directions. Figure 

3 represents a similar test on another typical motor. 

Note: All decibel figures given in this paper are 
based upon a reference level of 10~'® watts per square 
centimeter. 

The general tendency seems to be for the motor 
noise to become the more independent of direction 
_of motor, the farther the microphone is placed from 
the motor. At 2 inches from the motor the sound 
in different directions may vary by 10 decibels or 
more, but at a distance of 1 foot this variation is 
reduced to 2 or 3 decibels. 

How far the microphone should be placed from the 
motor merits consideration. It should be far 
enough from the motor to obtain an over-all! indica- 
tion of the average noise emitted by the motor. It 
should be placed near enough, however, so that re- 
flected waves at the microphone will be negligible 
in intensity compared with the direct sound from 
the motor, and also near enough that the intensity 
of the signal in the microphone due to the motor 
noise will be substantially greater than that of the 
general noise of the room, say 10 decibels greater, 
as recommended by P. L. Alger. (See ‘‘Progress 
in Noise Measurements,’’ ELECTRICAL ENGINEERING, 
volume 52, November 1933, pages 741-4.) Care 
should be taken that air currents from the venti- 
lating fan do not impinge directly upon the micro- 
phone diaphragm. Care also should be taken to 
avoid errors due to localization of sound in the 
motor, such as in ball bearings or in noisy brushes. 
The motors on which data were given in figures 2 
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Fig. 2. Exploration of the sound field surrounding 
a typical small motor in free air 
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and 3, did not have strongly localized sources of 
sound. 

Most of the subsequent measurements on motors 
discussed in this paper were taken in the C direction, 
that is, with the motor shaft perpendicular to an 
imaginary line drawn from the microphone to the 
motor. Where possible this distance was 1 foot, 
but it was often necessary to shorten this distance to 
2'/, inches. 

The preceding paragraphs were concerned with the 
measurement of the inherent or air-borne noise. In 
many motor installations, the transmitted noise, 
that is, the noise radiated by the base upon which 
the motor is mounted, is of more importance than the 
air-borne noise. The noise of 3 motors was measured, 
with the microphone 1 foot from the motors, first 
on a noise insulating base, as shown in figure 1, and 
second on a small pine table the top of which was 
approximately 18 inches square. The following 
results were obtained: 


On Noise On 
Insulating Pine 
Base Table 
IMOGOR Tshirt tetatersrayctele evar wrans 48 decibels ecg. aiaaretere cet ratereras 50 decibels 
ME OCOR 2 cseteccortisatereles oud s aacies 54 decibelsin's serescreselskaressreretnere 61 decibels 
IMI GEORTO SS hopes e.cenus aie cttrotere 55 decibels Pe teraawcatepa emiererel eters 68 decibels 


These results show strikingly the effect of the motor 
mounting. Motor 1 was provided with steel mount- 
ing springs which transmitted but little of the in- 
herent torsional vibration of the motor to the base; 
motors 2 and 5 were mounted rigidly. 

Any appraisal of small-motor noise must take into 
account transmittable as well as air-borne noise. 
One method proposed for measuring the trans- 
mittable noise is to mount the motor on top of a 
box and measure the noise intensity inside the box, 
with the motor running. This method is fraught 
with certain difficulties, however. An alternative 
method tried by the author for comparing relative 
transmittable noises of motors was to place a wooden 
board on top of the noise insulating base shown in 
figure 1, and allow the motor to run on this board. 
This method was partially successful, but not en- 
tirely satisfactory, because any slight warping of the 
board would cause the motor to rattle and render 
the readings useless. 


NoIsE MEASUREMENT IN A SMALL CHAMBER 


Theory. The preceding considerations apply to 
the measurement of motor noise in a very quiet 
room. In a noisy factory, it is expensive and 
difficult, if not impractical, to construct a ‘“‘noise 
proof” room sufficiently quiet so that the noise of 
quiet fractional horse power motors can be measured 
with a noise meter. The most logical idea, then, 
would be to place motor and microphone in a small 
“sound proof’? box. One way of constructing such 
a box would be with the following ends in view: 


1. To have sound-insulating walls to keep out room noise. 
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inside the box; this can be done by making the box (1) small in 
volume, and (2) with hard reflecting interior walls, or (3) what 
amounts to the same thing, with the longest possible time of re- 
ver Deration. 


2. To intensify the motor noise to raise it above the noise level 


Problems involved are: 


1. Intensification without distortion. 


2. Minimization of errors from standing waves. Probably the 
most practical way of doing this is by constructing the box so that 
no 2 sides are parallel. 


An alternative to the construction with no 2 sides 
parallel would be to construct the box with an in- 
terior of sound-absorbing walls, making the box as 
nearly accoustically dead as possible. Because of 
its apparent advantages, it was decided to conduct 
an experimental investigation on the first men- 
tioned type of box. 

Experimental Data. As a measure of the quality 
of a sound, the author suggests the term “quality 
index,’’ abbreviated QI, and this is defined as the 
difference, in decibels, between the unweighted and 
weighted measurements of intensity. For a 1,000 
cycle pure tone, the quality index is zero. For a 
pure tone of 120 cycles, using the 50 decibel con- 
tour, the quality index is approximately 15. In 
general, a large quality index indicates a relatively 
large proportion of low frequency components in the 
noise. 

A box with no 2 sides parallel and with outside 
dimensions as given in figure 4 was constructed of 
mahogany 5/s inch thick, and the interior walls were 
left hard and smooth. Tests were made to deter- 
mine the amount of sound insulation that could be 
obtained. For these tests, the box was suspended 
in a noise proof room from a spring fastened to the 
ceiling; the spring was deflected about a foot by the 


weight of the box and microphone inside. The 
following results were obtained: 
Cover Off Cover On 
Reduction 
Noise Noise in Noise 
Level, Level, Level Due 
Decibels QI Decibels QI to Box 
No machines running.......... eS Agee UG Kasdan Ys ATS cncl es Gas one 1 
WecttUuNn CleANneh: woo ak s.c.0.000 2 = 2 See i hoon ay D2 sates Gcicmeaees 17 
BOPOCUR ICES roan tie os cies ase eS See | heme meee G3), Soon One 19 


It is disturbing, but very important, to note at low 
levels an almost negligible apparent reduction of 
surrounding noise. This is probably because of 
the residual microphone and tube noises of the 
meter. 

It is observed also, that high frequency noises are 
reduced more effectively by the box than are low 
frequency noises. Further experiments made to 
check this point demonstrated that the walls of the 
box would reduce a 60 cycle tone by 7 decibels, a 
250 cycle tone by 11.5 decibels, and a 1,000 cycle tone 
by 23.6 decibels. 

Attempting to obtain a further reduction in noise 
level inside this wooden box, the latter was placed 
inside a refrigerator cabinet and the space between 
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LOUDNESS LEVEL IN DECIBELS 


0 2 4 6 8 10 12 14 16 
DISTANCE FROM MOTOR TO MICROPHONE , INCHES ALONG INDICATED DIRECTIONS 


Fig. 3. Exploration of the sound field surrounding 
a typical small motor in free air 


the outside of the box and the inside of the refrigera- 
tor filled with jute. A refrigerator cabinet, with 
hard steel walls, separated by jute or good sound ab- 
sorbing material, makes excellent sound insulation 
except that the steel is so thin that it easily can vi- 
brate like a diaphragm. The whole assembly of 
refrigerator, wooden box, and microphone was 
mounted on springs so as to be isolated from floor 
vibrations. Tests were made to determine the re- 
duction in noise level obtainable from the sound 
insulation. At high external noise levels the follow- 
ing results were obtained: 


1. Average reduction from wooden box only, 22.5 decibels. 
2. Average reduction from refrigerator only, 21.7 decibels. 


3. Average measured reduction from both, 42.3 decibels. 


In spite of the fact that this combination should 
reduce the interior noise 40 decibels below the ex- 
ternal noise, it was found impossible to get a read- 
ing below 34 decibels inside the box, even with an 
external noise intensity of only 40 decibels. Again, 
this is probably because of the residual noise of the 
microphone and tubes. 

Three motors were selected for noise measure- 
ments under 3 separate conditions: (1) in free air, 
(2) in wooden box with one side open, and (3) with 
box closed inside the closed refrigerator cabinet. 
In all tests the motor was mounted on the noise in- 
sulating base shown in figure 1. The results are as 


follows: 
Motor 1 Motor 2 Motor 3 
Noise Noise Noise 
Level, Level, Level, 
Decibels QI Decibels QI Decibels QI 
Free air, 21/4 in. from microphone....... 65.82.0005 200) «050 Gl One 
In non-parallel-sided box, box open.......58.7..7.0..64.5..11.4..65.6..10.9 
In non-parallel-sided box, box closed..... 61.7. 427%. 1622.16.65. 860 non eee 
Intensification due to box............... DpiO mee wraps 2 ORG. See 4.2 


The following conclusions can be deduced from 
these results: 


1. Intensification of signal is too small, only about 4 decibels, to 
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be of practical assistance. 
than this can be obtained. 


It is doubtful if any more intensification 


2. Intensification is accompanied by an erratic and unpredictable 
distortion of the quality. 


8. It is interesting to note that, for 2 of the 3 motors, the measured 
noise was louder with one side of the box open than it was with the 
box totally closed. 


4. It is also interesting to note that with the box open, the low 
frequencies were much more prominent than they were with the 
box closed or with the motors in free air. 


Since intensification was the primary reason for 
constructing the box, small in size, and with hard 
sound-reflecting interior walls, the author, as a 
result of these experiments, is led to the conclusion 
that a noise testing box for small motors should have 
an acoustically dead interior and as short a time of 

reverberation as possible. Inasmuch as _ perfect 
sound-absorbing interior walls are impossible to 
obtain, errors due to standing waves should be mini- 
mized by constructing the interior so that no 2 
sides are parallel. 


‘NoisE METERS 


The Microphone. The condenser microphone is 
recognized generally as a high quality microphone, 
with the desirable characteristic of a flat frequency- 
response curve. It is used extensively in radio 
broadcast work, and in high-fidelity sound recording. 
It has been used extensively and successfully as the 
sound pick-up for noise meters. Under ideal condi- 
tions it can be used successfully for measuring noise 
from fractional horse power motors. All the data 
in figures 2 and 3 were taken with a condenser 
microphone, and it may be noted that the room 
noise level was too low to cause any measurable error 
in the readings. However, while under ideal condi- 
tions, the residual noise level is low enough, this 
level seems to be disproportionately raised in the 
presence of large low frequency components of noise 
at, or near, the threshold of hearing. In a maunu- 
facturing plant, such noises apparently will pene- 
trate the best sound insulation that can be devised 
and will affect the microphone. The noise thus 
picked up in a “‘sound proof’’ room surrounded by 
machinery sounds not like machinery noise, but like 
“air rush’? against the microphone diaphragm. A 
motor running in this room at some distance from the 


Fig. 4. Box with no 2 sides parallel used for measur- 
ing motor noise; all dimensions in inches 
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microphone causes no change in the reading of the 
output meter, yet it can be heard distinctly in head 
phones connected in the output circuit of the noise 
meter. In general, the output meter needle dances 
around erratically with little apparent reference to 
the noises the ear detects faintly filtering into the 
room. The author seriously questions the suitability 
of the condenser microphone for measuring the noise 
from quiet fractional horse power motors in a noisy 
factory, no matter by how much “‘sound proof’’ in- 
sulation the microphone is surrounded. 

A crystal microphone was tried by inserting a 
microphone head of that type in place of the regular 
condenser head. The crystal microphone was 14 
decibels more sensitive than the condenser micro- 
phone at 1,000 cycles, but only 8 decibels more 
sensitive at 120 cycles. The effect of this difference 
in sensitivity at different frequencies was to give the 
over-all response of the meter an equivalent weight- 
ing network corresponding to the 40 decibel contour 
instead of the 50 decibel contour. The results ob- 
tained with the crystal microphone were, in general, 
somewhat the same as with the condenser micro- 
phone, and but little more encouraging. Its per- 
formance at low noise levels was quite unsatisfactory. 
In general, it gave the same results as the condenser 
microphone so far as total-noise measurements were 
concerned, except of course, slightly lower readings 
for noises containing prominent low frequency 
components. Perhaps if less amplification had been 
used with the crystal microphone, it would have been 
more satisfactory. Less amplification could have 
been used because of its greater sensitivity. 

The moving coil microphone offers another possi- 
bility. Comparative noise tests were made with a 
Western Electric noise meter which used a moving 
coil microphone. The moving coil microphone 
gave a reading at a lower noise level than did the 
condenser microphone and the needle of the output 
meter seemed to follow more closely feeble inter- 
mittent sounds that were barely audible. It was 
thought that a part of this difference in performance 
may have been ascribable to a different weighting 
network in this meter. Laboratory precision ap- 
paratus was not available, but as nearly as could 
be determined with a beat frequency oscillator and 
a “‘photophone”’ loud speaker, the over-all weighted 
response of the 2 meters was practically the same at 
all frequencies. The more plausible explanation, 
therefore, seems to be that the inherent residual 
noise of the moving coil microphone is less than 
that of the condenser microphone, and this, if true, 
is probably ascribable to its greater sensitivity and 
consequent less need of amplification. In general 
the agreement between the noise meters was within 
1 or 2 decibels for several different motors, a vacuum 
cleaner, and an electric drill, provided the micro- 
phones were not nearer than 1 foot to the source of 
noise. 

A most serious objection to this moving coil mi- 
crophone, however, was its sensitivity to stray mag- 
netic fields. With the microphone as far as 2 inches 
away from a motor, the stray fields of which were 
negligible from the standpoint of motor performance, 
the stray fields caused the microphone to indicate 15 
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to 20 decibels too high, an obviously intolerable error. 
If the moving coil microphone can be shielded suc- 
cessfully from stray magnetic fields without affecting 
its acoustic properties, it might be very successful 
for this application. 

The Weighting Network. The high noise levels 
observed with the condenser and crystal types of 
microphones might have been charged to an improper 
weighting network for measuring low intensity 
sounds. The fact that the crystal microphone 
weighted out the low frequency tones more than did 
the condenser microphone, but had approximately 
the same noise level as the latter, and also the 
fact that the meter with the moving coil microphone 


Efficiency Tests of 
Induction Machines 


Several different types of tests for the ef- 
ficiency of induction machines are dis- 
cussed in this paper, and results obtained by 
the different methods are compared. The 
procedure involved in making the different 
types of tests is given in detail. In the de- 
termination of losses, special attention is 
given to the stray load loss, which, in most 
previous tests, has not been considered. 


By 
Cc. C. LEADER 


_ Membership Application Pending 


F, D. PHILLIPS 


ASSOCIATE A.1.E.E. 


Both of General Elec. 
Co., Schenectady, N. Y. 


q [ee determination of efficiencies for 
induction machines has been a debated subject in 
the A.I.E.E. since its organization. Papers (see 
references at end of this paper) have been presented 
and discussed from time to time, but the Institute 
has not considered the measurement of stray load 
loss of sufficient importance, or the means available 
for their measurement sufficiently accurate, to war- 
rant the inclusion of these losses in the calculation 
of efficiencies. Thus the rules of the Institute have 
for many years read as follows: 


Full text of a paper recommended for publication by the A.I.E.E. committee 
on electrical machinery, and scheduled for discussion at the A.I.E.E. winter 
convention, Jan. 22-25, 1935. Manuscript submitted Oct. 15, 1934; released 
for publication Oct. 30, 1934. Not published in pamphlet form. 
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apparently had about the same weighting network 
as the meter with the condenser microphone, would 
appear to rule out this deduction. 

Choice of a suitable weighting network is an im- 
portant problem. The ideal sought is to select the 
one that gives, for the largest number of motors, a 
response most nearly approaching the loudness level 
that would be determined by the average of a large 
number of observers by direct aural comparison 
with a 1,000 cycle reference tone. One way of 
deciding upon such a network would be to take an 
acoustic spectrum and select that contour that was 
most closely approached by the largest number of 
components of the spectrum. 


9-301. Methods of Determining Efficiency Recognized.* The 
following methods of determining efficiency are recognized as 
standard: 


(a) Directly Measured Efficiency: The efficiency is obtained from 
simultaneous measurements of input and output. 

(b) Conventional Efficiency: The efficiency is obtained from 
the component losses, most of which are accurately determinable and 
the remainder of which are assigned conventional values; or all of the 
losses may be determined by conventional methods-of test. The ef- 
ficiency determined in this way is the ratio of the output to the out- 
put plus the losses, or of the input minus the losses to the input. 


* In other than small machines determinations of efficiencies by (a) are im- 
practical unless resort is made to expensive measurements. 

The use of the conventional efficiency is reeommended. Most of the losses are 
accurately measurable. Those to which conventional values are assigned are 
so closely approximated that the percentage of error in the determined efficiency 
is small. The high efficiency generally attained in electrical machines renders 
an error in the measurement or estimation of one or more of the losses of much 
less effect on the efficiency as obtained by the conventional method than would 
an error of like magnitude in the measurement of the total input or output. 


9-308. Losses to Be Considered. Conventional efficiencies shall 
be based upon the following losses: 
(a) J?R losses in windings (See 9-310) 
(b) Friction, windage, and core losses, including brush friction 
(when present). (See 9-311) 
(See 9-312) 
(See 9-313) 
(See 9-314) 


9-313. Stray Load Losses.* In induction machines no allowance 
for stray load losses shall be included. 

* Stray load losses are inconsiderable in machines of modern design having 
primary conductors of small section. If the primary windings contain conduc- 
tors more than #/s inch in depth in a 60 cycle machine, eddy current losses may 
be appreciable. See A.I.E.E. TRANSACTIONS, volume 32, 1913, pages 423-37. 


(c) Brush contact loss. 
(d) Stray load losses. 


(e) Miscellaneous losses. 


At the time this note was written, the only element 
of the stray load losses in an induction machine that 
was well understood was the eddy current loss in the 
armature copper, but for some time it has been real- 
ized that this component is small compared to the 
increased iron loss under load. The great improve- 
ment in the efficiency of pumps and other mechani- 
cal equipment in recent years has created a demand 
for higher and more accurate induction motor effi- 
ciency values, and, therefore, committees of the 
National Electrical Manufacturers’ Association and 
the A.I.E.E. have for some time been conducting 
investigations to develop an improved technique. 

This paper is written to present the results of a 
series of comparative efficiency tests by different 
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methods on induction machines made with the 


specific purpose of demonstrating the improved 
technique of testing mentioned. 


NATURE OF THE STRAY Loap Loss 


Although the existence of stray load losses has 


been recognized, the equipment, instruments, and 


especially the technique necessary to determine these 
losses have not been sufficiently accurate until the 
last few years. There are now available the results 
of the researches of a number of engineers, and the 
development of new methods of accurate measure- 
ment of these losses, which are zero at no load but 
increase with the load. 

The stray load loss is defined as the difference be- 
tween the actual total power losses under load con- 
ditions and the sum of the load J?R and the no load 
losses. The elements of the stray load loss (see 


“Power Losses in Induction Machines,” by P. M. 
Narbutovskih, ELECTRICAL ENGINEERING, volume. 


53, Nov. 1934, p. 1,466-71) may be classified as 
follows: 


a. Changed core loss and high frequency rotor J?R loss due to 
changed magnetic fields. 


6b. Increased eddy losses in conductors. 
c. Increased eddy losses in structural parts. 

Item a is the only important factor in moderate 
sized motors in common use. 


METHODS OF MEASURING EFFICIENCY 


Five methods have been proposed for the measure- 
ment of efficiencies: 


a. By accurate dynamometers especially designed for this purpose. 


6. By loading one machine on a directly coupled duplicate machine, 


Table I—Dynamometer Test 


Test Reading Corrected Readings 


Baia CE Seat PUG a rcrarefelartievsicle oie Cou cine cis sions: CON Acard 610.5 X (40 X 0.997) 
BeOS COL WLS ascites ousee ors: slic 6ysi'srere have) aie CO ie Gs shted seater 76.35 
PRISEFIEGIED Pett ele iele ls wisest mavens Aca eeieleie DU Stare sia-ans 21.3 
ERO CELGLIO V4 sapricis) sisi sveieiecese\e) axe ois) ayes o1s e010 GCOreretereter 59.99 
BRIE CLES Mn ele etela'ele ene avers <6 iclietene ec8l 0S BOS sevice 3.63 X (20 X 0.997) 
VES ec ol SOOO CET NEL ORE CHRO CEO DPA Ter ireee cree 220 
mapue running Hight coupledis.. . sc 55.0.2 cscs oe cee ene 1,268 
mnputrunning light uncoupled... .......0.0.0c0sess0. 664 
Actual load supplied by dynamometer running light..... 604 watts 
Actual scale reading running light, 1.79 pounds =...... 534 watts 
Mav MamMOmMeterienhrOrer .cic/r ele ieie. 0 o10Gt7s 5 sicicisiviele oituersis aise.» 70 watts 
1.75 f 1,178. 

See ae outputh = 76.35 pounds X aos x 78.7 rpm 470 = 22,440.6 
Binralviipiite =O 1020956 1(4 OL XO 907))in -: 5 cpsteyoy siecle: stake s slel suciiayer's ove = 24,346.7 
BETES IDLOSSCS seater ete reretsre neds ernie a) ae ecsieie sre als) storey se? ole) etaie-¥l sloire,cieiele 4's a) 1,906.1 
BOPGECTIIGSSES srereials fete 1c) Surtees (earn hs © Fe heele Rise, ove ee hale aie sie feieke 21.5 
ch STKE? TOES, no gn GOO QOD ORDO GUUS OOO UD OOK ta AOI OOOO. 1,884.6 

Efficiency........ 5656 b Gop. cUCoCO TOO O00.cD On oho UO Domo 92.25% 

ES EA io aaa s oot OA OD 0 6 CODD oitc DAE UIOR O10 COR EORTC 30.08 
Segregation of Losses 
83 TEE o oma lo 6 COGRIEO On ICO Onin IER OIO 465 
BVANGAZEe ANG MFICCION sicieies clere ic os 6: elersie aiele.a ieiwis 125 
enti EZR ANE 56 Bouin DODDS EE LOmOae 630 
BROCOLHTETCAU HT 2) ere cciacleneterste’s vate sal vicievere © ei@tererer 410 
motal known 1osses........s-cccccscseccccecs 1,630 


Stray load losses = 1,884.6 — 1,630 = 254.6 
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Table II—Proposed Dynamometer Test 


Test Reading Corrected 


Inpats(moton) ie cae ler crereieuae testo oes 612 a eae ee 617 xX (40 X 0.997) 
Ontput (penerator) east ce eleiis eiel B20 eer vevels 523.5 X (40 X 0.997) 
Totalilossesusiassiccte sieicssiecislecs's syelere,s OO aaa 93.5 X (40 X 0.997) 
WV NGS io rete: ct aa archata te '> Scat elie Gil unl einia = 1 | in Pe eee ter 220 


Atoneresi(moton)aansrere sillier oss SiG ales seicis 3.65 X (20 X 0.997) 
Amperes (generator).........-.+.0% Bilis vpners ore 8.27 X (20 X 0.997 
Slip: GnOton eo -itetebeelevsteretersiete serene state 1.83% 
Slip (generator) ce ciav siecle cstersteseiehe evs 1.54% 


Total measured losses = 93.5 X (40 X 0.997) = 3,729 
Meter losses = 43 


2 X (dynamometer error) = 140 
Total motor and generator losses..............65 3,546 
Segregation of Losses 
Motor Generator 

Gore Moss.) sree o oncttis ars csclloyelo wyece elena toys ¥-s ieee lore'ceas'e 465 sane ciscaiee 465 
Windage-and friction cinemas selects ors 125 ce veeisteselarste 125 
Statorgl@RiCWayircwwerteiers ms oraieiete reins eiecratenerorete te GAO acprsicnstets 515 
Rotor 2R iW 2) ccsccerchs sicievslele sitiart piste elsne@ieicrareis ASW, hice tcteserens 338 
Totaliknow ni losses syste sverelecive a oii ciste aici e V 6G Lereenet ers eve 1,443 = 3,104 
Totalomeastired losses. ccs aceon a cls wie one! exsielereiels 3,546 
Totaltknown' lossesy sss. creer says olciete ates oie Cisisinrs 3,104 
Total motor and generator load loss............ 442 
MOCOPalOAd lOSSt im nrajaeleteuatereve wre ce love cere vensie-sieyareravele 248 
WEOtOLEKNO Wilh lOSS*,r.caeret ta aaneto deisel svarsierstetelereletsiats 1,661 
Motor total losSes icc i.e. aise omens asim ewrayere a aioe 1,909 

POMICIENCY a aietstetel siierentlovertotetsyaiy 92.25 

LOrsepoweneniescrerciviolaitetere aisle’ 30.4 


accurately measuring the electrical input and electrical output. 
This pump back test can also be made on duplicate machines con- 
nected by belts, but the difficulty of determining the belt loss makes 
the directly coupled method preferable. 


c. By separately measuring the various losses and adding them to 
the output to obtain the input or subtracting them from the input 
to obtain the output. 


d. By loading on a calibrated load machine. 


e. By the calorimetric method of measuring the heat carried away 
by the cooling medium. 


Methods d and e will not be considered further in 
this discussion due to their special character. 


PROCEDURE FOLLOWED IN MAKING TESTS 


For purposes of comparison, motors rated 30 
horsepower, 1,200 rpm, 3 phase, 60 cycles, 220 volts, 
were selected and were tested in succession by meth- 
ods a, 0, and c. 

Method (a). For method a the dynamometer was 
rated 100 horsepower, 1,050 to 3,500 rpm. The 
dynamometer pull was measured by means of a 
standard lever and weight system scale connected to 
a lever arm of 1.75 feet. The motor was directly 
coupled to the dynamometer and loaded to 30 horse- 
power at rated voltage and frequency. When tem- 
perature conditions became constant, readings were 
taken of watts input, slip in revolutions per minute, 
pounds torque as indicated on dynamometer scale, 
frequency, volts, and amperes. In order to obtain 
the amount of load supplied by the dynamometer 
but not indicated on the scale—sometimes referred 
to as the dynamometer error—readings were made 
of the following: 


1. Dynamometer scale and watts input to the motor with the 
dynamometer armature and field open. 


2. Watts input to motor uncoupled from the dynamometer. 
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With no dynamometer error the scale reading con- 
verted to watts would exactly equal the difference 
in input readings noted under 1 and 2. 

All the meters, instrument transformers, and dy- 
namometer scale used in making the above observa- 


Table II|-—Pump Back Test (Coupled) 


wt 


Test Reading 


(Avg. 2 Directions) Corrected 
SOT EOLELOS ors AS HHO RC RCR Cee Cae On peo cRNA CIS <1 GOR 02097) mamcicist- 24,446 
OED IE Socata theyre ae ee ie vie Seles 4 52356 >< (GODS 05997) Beans 20,881 
PD OLAN TOSSES sarc tos lee ak in Rak each saaatacee SZ Se ED) S< ORM ondaons 3,565 
IWLOtOLESlIDmeniba cine citi scone cancel bCEWA a” Baaoon 1.83% 
Generatonslipny. eerie shies WEA Roane 1.54% 


NIGHOR AMIDELCS Jee caisjcctescls Wins aroha ores 3.0 

Generator amperes................. 3.28 

Motor resistance, hot.............. 0.08 0.08 
Generator resistance, hot........... 0.0 


Segregation of Losses 


Motor Generator 

(CYST TOES ouis oat OER TERE LICR OPO ORC ORC PEE 46D eae cicrooute 465 
Wurnclace- and LCLCELOR saci. siece lecsia'y hoa le ate uy avins ove eve iP Semen os kcnue 125 
Stators ha (V1) erace ties trots harcneeets) ote veisIrictsyar ocevopelteus ClO eeracescteet- os LOLO 
MROCOTE LA RAGS) Metre cia de torreon loivar iol aliSauecere ei ote AOS Se )scisi sectors 338 
MoOtalekNOwil lOSSES Hac se ciee aitteie.cl viele bevels, oie. 0 sie. GOS se acr cas 1,443 = 3,101 
Motalimeastined losses: ieee cet tsatele| vse eiscessistelsticie ste aie = 3,565 
MieterNlOSSeES Heat era steraleie saie-ousieretere avert (ou a reveals 43 
Total motor and generator losses..............e0e0. 3,522 
BROCAIVETIOWII LOSSES Jc sisiecvelnirs ew a) eatin e14 “ar ciepaiera in inieveraleyeie 3,101 
PROT IESUC AV ORC LOSS ete ver eila) oir<tvys ti siete o/b e) sve) s lvie, @e)/ale\e)s 6 421 
MOtotesttavaloadnlossiacistsikacserateieteeisietsernals eiiersuclelels 2do* 
IMiotorek nowt losses). aereic sige os avers tis ese) ese ated bis) eels eiere 1,658 
WIOLOLtOLAallOSSES < o:cleecle tie asc sis s10.0 dfs CORIO OOO Tan 1,893 

ATIC CY are clas etaiiove) a¥eilelisvol stiel eles) ® 92.25 

FI OTSEPOWEL. cis eviews leis, clorn's pele 30.2 


* W. Motor X Total Stray Load Loss 
W:2 Motor + W2 generator 


tions were then checked against laboratory stand- 
ards to determine correction factors. The results 
are indicated in table I. 

Modification of Method (a). The above procedure 
conforms to the proposed ‘“Test Code for Polyphase 
Induction Machines” of the A.I.E.E. For reasons 
which will be made obvious in the discussion given 
later in the paper, the following procedure is recom- 
mended for the dynamometer test: 

At conditions of constant temperature rise and 
desired horsepower output, make readings of watts 
input, voltage, current, slip, and speed. Then with- 
out disturbing the setting of dynamometer scale, and 
holding constant speed and voltage, reduce the fre- 
quency of the motor power supply until the dyna- 
mometer scale again becomes balanced, and read watts 
output, amperes, and slip. Determine dynamome- 
ter error as outlined above. Results of this method 
are given in table IT. 

Method (b). For method 6, 2 exactly duplicate 
motors were coupled together. The machine run 
as a motor was excited with rated voltage and fre- 
quency, and the generator at rated voltage and a 
frequency sufficiently below rated frequency to give 
full load input to the motor. When constant tem- 
perature conditions were reached, readings were 
made of watts input and output, motor and generator 
amperes, and slip. These readings were then re- 
peated with the power flow reversed—that is, the 
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machine that was first a motor became a generator 
and vice versa. The machines were then shut down 
and hot resistance readings taken. Finally, an ex- 
citation curve was taken on each motor coupled to 


the other. See table III for results obtained with 
this method. 
Method (c). For method c the motor was directly 


coupled to a small d-c motor rated 8.5 horsepower, 
14.5 amperes, 230 volts, 600/1800 rpm. (See table 
IV.) Two lines of the stator winding were excited 
with d-c and the motor driven at synchronous speed. 
Readings were taken of driving motor armature 
volts and amperes, holding constant field current, 
for values of d-c excitation from zero to 150 per cent. 
equivalent, full load a-c current. (See figure 1.) 
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Fig. 1 (left). D-c rotational watts input to the driv- 
ing motor used in the direct measurement of losses 
in an induction motor 


Fig. 2 (right). Locked rotor synchronous watts as 
determined in the method of direct measurement of 
losses in an induction motor 


To determine the 60 cycle rotor loss, starting 
torque was measured over these current ranges. (See 
figure 2.) 

A comparison of the results obtained in other tests 
conducted by methods a, b, and c is given in table V. 


GENERAL DISCUSSION 


Method (a). The dynamometer method has usu- 
ally been considered the most convenient for ma- 
chines of about 100 horsepower or less where suitable 
dynamometers and instruments have been available. 
It has been favored by many users because only one 
machine to be tested is necessary as well as a single 
source of controlled power, and a minimum of meas- 
uring instruments. It also gives the most directly 
calculated measurement of efficiency. However, 
there are a number of details involved in power meas- 
urement that are not generally appreciated. To 
begin with, a wattmeter connected directly in a 
power circuit will read the power consumed by 
either its voltage or current coil (depending upon 
the method of connection) in addition to the power it 
is desired tometer. A General Electric type P3 poly- 
phase wattmeter voltage coil at 220 volts consumes 
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about 7 watts, so that in the common hook-up for 
measuring power there will be at least 21 watts in- 
strument losses. If current and potential trans- 
formers are used, the wattmeters will read the losses 
on one set of these also. When instrument trans- 
formers are used, calibrations must be available for 
both ratio and phase angle displacement. All of 
these points must be considered in addition to the 
calibration of the wattmeter scale itself. Further- 
more, the accuracy to which an instrument can be 
read is dependent upon the scale deflection, the 
steadiness of the needle, and the ability of the ob- 
server to read what the instrument indicates. This 
last point is quite important, for it is not uncommon 
to find observers who consistently read instruments 
higher or lower than their true indicated values. 

The measurement of mechanical power is equally 
difficult. There are 2 measurements, torque and 
speed, each bearing directly on the power. The 
pounds pull exerted by the dynamometer is usually 
measured by means of either a spring or link scale, 
the pull being exerted through a lever arm of definite 
length. In conjunction with the calibration of the 
scale, the dynamometer sensitivity is important. 
This is the amount of weight required to give a read- 
able deflection of the dynamometer scale; that is, 
the weight required to overcome the static friction 
of the trunnion bearings. Dynamometers (see 
“Modern Equipment for the Precise Testing of 
Motors,” by A. A. Emmerling, General Electric Re- 
view, volume 37, Oct. 1934, p. 471-6) may be 
equipped with a mechanism which continually os- 
cillates the intermediate races of specially designed 
trunnion bearings, which has the effect of increasing 
the sensitivity about 50 times. The recommended 
method of determining speed involves the measure- 
ment of both frequency and slip. Slip may be meas- 
ured quite accurately and easily by means of a dif- 
ferential slip meter. Frequency, however, must be 
determined to less than 0.1 per cent, requiring at 
least a specially calibrated device capable of indicat- 
ing this closely. 

The dynamometer also must be checked for failure 
of its scale to indicate all the load applied. Finally, 
readings of input and output must be made simul- 
taneously. The limiting features of this method are: 
(1) the number of readings, pertaining directly to 
the efficiency, which must be determined with almost 
perfect accuracy; (2) the restriction of size and rat- 
ing of the motors that may be tested on a given dy- 
namometer, and the resulting large investment in 
dynamometers necessary if the method is to be given 
wide use. 

Modification of Method (a). The modified proce- 
dure suggested for conducting the dynamometer 
test overcomes most of these objections. Although 
the same accuracy is required of the instruments 
measuring electrical power, by reversing the power 
flow certain of the contributing sources of error may 
be eliminated. If the observer tends to read an in- 
strument high, his observations will be high for both 
motor and generator readings, thereby minimizing 
the error in the difference. Similarly, if a current 
or potential transformer ratio is in error, both the 
input and output readings will be high or low by the 
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same percentage. Exact frequency measurement is 
not necessary as neither the input nor output is a 
direct function of speed. Variations up to about 
one per cent in frequency have little effect on effi- 
ciency. There are only 2 measurements bearing 
directly on the efficiency. 

The only measurement of mechanical power neces- 
sary is in the determination of the “dynamometer 
error.” The difference between the watts input and 
output by this method will be the losses of the ma- 
chine as a motor and generator plus 2 times the dy- 
namometer error: 


Motor input — motor losses = dynamometer scale + dynamometer 
error 


Generator output -++ generator losses = dynamometer scale — 


dynamometer error 


Input — output = losses (motor + generator) + 2 X (dynamometer 
error) 


Since the dynamometer error is always a very 
small percentage of the total power, inaccuracies in 
determining the mechanical power used in finding 
this error will produce little effect on the results ob- 
tained by this method. 

There may be a minor source of error in the segre- 
gation of losses. From investigation of numerous 
tests, it has been shown conclusively that the stray 
load loss is a direct function of the load current 
squared, or slip loss; so it is reasonable to assume that 
this holds between motoring and generating action. 

It has long been felt that, when a dynamometer 
test is made on a motor, it is very desirable to make a 
check test as a generator, in order to check the meas- 
urement of mechanical power against electrical 
power. This proposed procedure provides for that 
test, while at the same time reducing the effect of 
error in the measurement of mechanical power to one 
of the second order magnitude. 

Method (b). The procedure for the directly 
coupled pump back test is analogous to the proposed 
dynamometer test, so that the pump back test has 
all the advantages thus noted. It does not have 
any limitation as to size or rating, however, as ex- 
actly duplicate machines must be available. It 
should be noted that the pump back method does 
not give the efficiency for one machine, but rather 
the average of 2 machines running as a motor. A 
major point in favor of testing by this method is the 
minimum amount of investment in testing equip- 


Table IV—Direct Method 


Full load current = 73 amperes........ Running light current = 23.2 amperes 
Equivalent direct current: 
Full load = 1.225 X 73 = 89.3 
Running light = 1.225 X 23.2 = 28.4 
Net d-c watts: 
Full load = 1,540 — 440 = 1,100 } figure 1 
Running light = 540 — 440 = 100 


Load loss + rotor J?R = 1,000 
Rotor J?R: 

Full load = 740 \ 

Running light = 74* suure? 


666 
Stray load loss = 1,000 — 666 = 334 


a et a 
* Since the value of torque on figure 2 at running light current is inaccurate, the 


value for this point is obtained by multiplying the torque for full load current by 
the ratio (IrL/IFL)?. 
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Table V—Comparison of Results of Other Tests by the 3 


Methods 
Full Load Efficiency by Method 
Motor HP Speed Type (a) (b) (c) 
SA Pe tel Gnas LO Fea jee 1 200aee ty. SiGioacaoa BA Oya custsiess 84.6 
d 3 SR Avis nCneeae LOA rc 1200 rater CHO Gamentes BY eon vishieens 87.3 
Grea sats LOX Savi: 200 Sai iarcts eH OER Snig c1eIG © DESY noasac 82.4 
DDT Saidarn et ase oid afore 1,200 5:55 WR atatelesa/aivie areuecsie nin fev SS ik crete 88.1 
BO sata cite ESOC ce CWebed auras OL Oe ciots tcieaeraime are ees 91.7 
F 2 ae ROE D200 Meroe GOs ontasunc OP pon Oban WomdOnoS 89.7 
G ZO eievastve L200 vr weo NW) Reon chelefe tanec vce en oreleyn im UPARY ferreniioe 93.1 
12 ae a erage Geert 120025 =. Si Cioeser ec Th ML orocioe os iainie Gas 86.35 
tear Sc done » aerate 1,200.06 3: SiG cans aene S607 seinen ee 86.2 
Sl beet aes8 Otearehe AU Rast L:800)Sente 3: WORE aarp = SONS trae mela sceienpr 88.3 


Note: S.C. = squirrel cage 
W.R. = wound rotor 


ment since, in most cases, adequate sources of power 
and instruments are available. 

Method (c). The d-c method presents the one ad- 
vantage that it may be applied to any single motor 
irrespective of size or rating. The d-c rotational 
watts may be determined accurately by the method 
outlined. In the case of squirrel cage machines, 
however, the determination of rotor J?R loss pre- 
sents a rather difficult problem, especially if the 
motor bearings have high static friction. In this 
case, it may be necessary to measure the starting 
torque at current values considerably higher than 
normal. There should be no limit to the value at 
which this may be taken other than heating. On 
some machines, if the rotor heating is excessive the 
value of starting torque watts may be considerably 
higher than those existing in the machine under the 
d-c test. As there is no absolutely positive way to 
determine when these losses are the same for the 2 
conditions, the decision must be left solely to judg- 
ment. Tests indicate that errors resulting from 
heating may be considerably less than those arising 
from the situations in which the static friction torque 
is equal to or greater than the losses to be measured. 

The d-c method similates load conditions in so far 
as they affect stray load loss without actually pro- 
ducing full load torque on the shaft. In the case of 
wound rotor induction motors, the test is a parallel 
of the synchronous motor short-circuit test, which 
has long been approved as a standard. 


GENERAL RECOMMENDATIONS 


The results of tests as given in this paper, and the 
information obtained from a large number of other 
tests made during the past few years indicate that 
first 2 of the test methods considered give the same 
results, if proper equipment is available, and due 
care is taken in testing, calibration, and calculation. 
It is concluded that both methods are satisfactory 
for use in the standards for determining efficiency 
guarantees. Which method is to be preferred, there- 
fore, depends upon the accuracy expected with the 
available equipment, and the cost of making the 
test, rather than upon any differences in the inherent 
accuracy of the method. 

For small or moderate sized machines up to about 
100 horsepower rating, and particularly when only 
one machine is available for test, the dynamometer 
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method may be the most convenient and is to be 
recommended. However, too great stress cannot be 
laid on the necessity for extreme care in making test 
readings, calibrations, and calculations; and the de- 
sirability of making check generator and motor tests 
should be remembered. 

Where 2 duplicate machines are available, the 
electrical pump back method is most convenient, and 
affords greater accuracy with less probability of 
error than the other methods. Check tests with the 
power flow reversed are assumed to be a standard 
procedure in this test. With proper power supply 
and equipment available, this method is to be pre- 
ferred to the other methods for all sizes of machines 
of ratings of above about 10 horsepower. 

For single machines of larger sizes, the separate 
loss method, determining the stray load loss with 
d-c excitation, is often the only method practical, 
as large dynamometers are not available, and in un- 
usual cases, adequate power supply may not be ob- 
tainable. This method does not exactly duplicate 
actual load conditions, but tests have shown that 
results obtained are a measure of the actual stray 
load loss. In other words, while these values are 
not exactly the same as those obtained by methods 
a and 0, they are of the same order of magnitude. 
There is not enough comparative data available to 
draw definite conclusions as to its relative accuracy, 
therefore it should be preferred only when the other 
methods are not available. 
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Multiple 
Lightning Strokes 


Multiple lightning strokes have long been 
known to exist, but so far instruments for 
recording the successive discharges on elec- 
tric power lines have not been available. 
The application of expulsion protective 
gaps to 3 typical transmission lines, how- 
ever, has made a partial investigation pos- 
sible, with the aid of the automatic oscillo- 
graph. The results of this investigation 
are presented herewith. As many as 12 
successive discharges have been recorded in 
a single stroke; these discharges have been 
as close together as 1 cycle (on a 60 cycle 
system) and as far apart as 9.5 cycles. 


By 
K. B. McEACHRON General Electric Co. 
MEMBER A.I.E.E. Pittsfield, Mass. 


eee itself still remains the 
major unknown in the problem of protecting electric 
power lines from lightning. Sufficient information is 
available to make what are believed to be reasonable 
assumptions, but the wave shapes of lightning itself, 
magnitudes, and frequency of occurrence of each 
form still are unknown. The existence of multiple 
strokes has long been known, but no record of their 
occurrence has been obtained from the instruments 
in use during the lightning investigations of recent 
years. 

The operation of expulsion protective gaps on 3 
typical transmission. lines, together with oscillo- 
graphic means of registering the follow currents over 
a period of approximately 1 second have shown about 
20 per cent of the lightning strokes on 2 of the lines 
to consist of successive discharges. The maximum 
number recorded was 12, occurring in about ?/; of 
a second. The effect of successive discharges on 
insulation, gaps, and protective apparatus must be 
determined before the importance of the multiple 
stroke can be evaluated. 

Data obtained on these 3 lines show that succes- 
sive discharges may occur as close together as 1 
cycle of a 60-cycle system, and as far apart as 9.5 
‘cycles. Additional data no doubt will extend these 
values. The data show also that many more ex- 
Full text of a paper recommended for publication by the A.I.E.E. committee 


on transmission and distribution, and scheduled for discussion at the A.LE.E. 
winter convention, New York, N. Y., Jan. 22-25, 1935. Not published in pam- 


phlet form. 
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pulsion gaps flashed over when the conductor was 
positive than when negative. It is suggested that 
the power frequency potential plays an important 
réle in determining which conductor will be flashed. 
Tests simulating a direct stroke to a tower show that 
the polarity of the line conductor exhibits a marked 
effect on which conductor is to flash over. If the 
lightning is severe enough, of course, all conductors 
will flash. 


REVIEW OF PREVIOUS WORK 


Much progress has been made in recent years in 
the determination of the effects of lightning on trans- 
mission lines and apparatus. Field studies)*%4° 
have yielded much information concerning the mag- 
nitude of voltages appearing on transmission lines, 
and the frequency of their occurrence. The propa- 
gation of impulses over lines®”*°® has been studied 
by the use of the portable cathode ray oscillograph 
and impulse generator. From these studies, coupled 
with other field tests with natural lightning, the de- 
crease in crest potential and change in wave shape 
with travel now are known reasonably well. Calcu- 
lations’? now may be made with confidence concern- 
ing the effect of various terminal impedances on the 
shape of traveling waves of known shape. 

Field tests!! have been made with applied im- 
pulses showing the effect of lightning arresters under 
various conditions, both on high potential circuits 
and on low potential distribution circuits. The 
necessity of adequately grounding transmission line 
towers to prevent insulator flashover when a tower 
or ground wire is struck has been recognized, and 
field’** tests have been made to determine the effect 
of various factors entering into this problem. The 
foregoing is but a very brief résumé of some of the 
accomplishments of recent years; but, it is clear to 
one who has followed technical literature on this sub- 
ject that the major variable, still largely unknown, is 
the lightning discharge itself. Once the character- 
istics of lightning are known, including voltage, cur- 
rent, and time relations, and frequency of occurrence, 
it will be possible to put the problem of protection 
from lightning on a better basis than is now possible: 

Field investigations have been conducted during 
recent years, having as their object the determination 
of the wave shape of the potential of the lightning 
discharge. Data on wave shape were obtained 
through the use of cathode ray oscillographs coupled 
to transmission lines. These have yielded valuable 
information but in only one instance! reported in 
the United States was the lightning discharge close 
to the oscillograph. In every other instance the 
discharge traveled for considerable distances over 
the line wires, suffering changes in magnitude and 
wave shape. In addition, the record frequently is 
complicated by flashovers, which allow unknown 
amounts of current to pass to the earth. Thus, it 
can be seen that much still remains to be done, as 
there is not available a cathode ray oscillogram that 
shows the form of the lightning discharge itself with- 
out accompanying flashover. 

Much valuable field work has been done, and is 
still in progress, having for its object the determina- 
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tion of curreuts associated with direct strokes of 
lightning. Measurements have been made by vari- 
ous means, but probably the most reliable data have 
been obtained recently through the use of the surge 
crest ammeter.’ The results thus obtained will be 
most helpful, since the data give both magnitude and 
frequency of occurrence as between storms, if the 
magnets of the instrument are checked after each 
storm. No information, however, is obtained con- 
cerning the number and magnitude of discharges 
during a given storm, except that a record is obtained 
of the maximum current if all the polarities are the 
same. The magnets do not give any indication of 
wave shape. 


RECORDS OBTAINED WITH ROTATING CAMERA 


It has been known for many years’ that many 
lightning discharges are multiple in character—each 
succeeding discharge following closely the path of 
the preceding discharge. As many as 40 discharges 
in 0.624 second have been recorded by the use of the 
rotating camera. 1&1? 

Recently, Dr. B. F. J. Schonland and H. Collens* 
of South Africa, using a modified Boys camera, have 
shown that each of the multiple strokes is preceded 
by a leader stroke that proceeds from the cloud to 
the earth, to be followed by the main flash building 
up from the earth to the cloud. The leader, which 
precedes the first flash, has been called a stepped 
leader, and appears to travel in the form of a dart 
toward the earth in a series of steps. The rate of 
travel is relatively slow, perhaps of the order of 1/19 of 
the speed of the subsequent leaders which apparently 
travel at about 0.1 to 0.01 of the speed of light. 
These results have been confirmed in Pittsfield by 


Volts, phase 
1 to ground 


Phase 1 
Danville 


Phase 2 
Danville 


Phase 1 am 
Glenlyn 


Currents 


Phase 2 ‘ 
Glenlyn 


Phase 3 
Glenlyn 


Fig. 1. Typical crater lamp oscillogram taken on 
the Roanoke-Danville and -Glenlyn (Va.) lines 
showing operation of expulsion protective gap on 
successive lightning discharges (first half cycle re- 


touched) 


Lloyd and McMorris.'® The path of the main flash 
and subsequent flashes is determined by the stepped 
leader. 

It is important to understand the mechanism of 
lightning in order that its action may be understood. 
There seems to be considerable evidence that light- 
ning does not always strike the highest object. In 
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fact, there is evidence to show that steel buildings 
have been struck part way down the vertical surface 
and occasionally steel masts have been struck beloy 
the top. Apparently, local ionization may have 
considerable influence in directing lightning strokes 
and it is with this thought in mind that investiga. 
tors2° have been trying to determine the relation be- 
tween sources of ionization on the earth’s surface anc 
the location of lightning strokes. The evidence o} 
protection”! obtained from large numbers of lightning 
rods indicate that the highest object usually is struck 
perhaps 95 or more per cent of the time; but if per- 
fect protection is to be obtained, the Faraday cage 
must be resorted to rather than depending upon ¢ 
cone of protection. For many uses the Faraday 
cage is not practical. 


MULTIPLE STROKES 


Heretofore, it has not been possible to secure date 
concerning the existence of multiple strokes on trans. 
mission lines. The maximum time scale of the cath. 
ode ray oscillograms taken did not exceed 1,000 mi. 
croseconds, which was much too short to record the 
multiple stroke, and, so far as the writer is aware 
none ever were recorded. The other devices usec 
in the field investigations of natural lightning coulc 
not show clearly the presence of multiple strokes. 

The application of expulsion gaps to the 132 ky 
Glenlyn-Roanoke (Va.) and Roanoke-Danville (Va. 
lines of the American Gas and Electric Company 
and to the Laurinburg-Wilmington (N. C.) 110 ky 
line of the Carolina Power and Light Company 
made a partial investigation of direct strokes pos 
sible. Heretofore, when a line flashed over, the 
follow current to ground obscured the effect of any 
subsequent multiple flash, and thus no evidence was 
obtained. However, here was an opportunity tc 
secure some valuable data, since the expulsion gag 
allows power current to flow for only 4/2 cycle, and ¢ 
subsequent multiple flash occurring at a greate 
time interval than 4/, cycle would leave a record o 
its existence on the ordinary automatic magneti 
oscillograph. Fortunately, automatic oscillograph: 
were available to indicate fault current on eact 
system. 

However, the record would be incomplete withouw 
the first half cycle, and since most of the discharge: 
might be single and not multiple strokes, it becam: 
apparent that means must be found to record th 
first half cycle of fault current. This was accom 
plished at Roanoke through the use of the crate 
lamp oscillograph”? built especially for this use 
With this oscillograph, the film is kept running con 
tinuously during the lightning storm, the light source 
being a crater lamp which is initiated in about 2 
microseconds through “‘thyratron” control (‘“thyra 
tron” is a trade name of the General Electric Com 
pany and indicates a 3-electrode gas- or mercury 
vapor filled electronic tube). In many cases, it i 
possible with this equipment to get a “kick” on th 
oscillograph vibrator due to the transient befor 
follow current starts. The oscillograph was con 
nected, as described in a paper by Sporn and Gros 
(scheduled for publication in the January 1935 issue 
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so as to read fault current in phases 1 and 2 of the 
Roanoke-Danville line, and in all 3 phases of the 
number 1 circuit of the Roanoke-Glenlyn line. 
The sixth vibrator was used to record potential to 
ground of phase 1 at Roanoke. The automatic 
type PM-13 oscillograph at Glenlyn recorded the 
fault currents in both circuits of the line to Roanoke. 
The Roanoke-Glenlyn line is a double circuit line, 
number | circuit being equipped with expulsion pro- 
tective gaps. 

On the Laurinburg-Wilmington line the automatic 
type PM-13 oscillograph was installed at Laurin- 
burg. With this oscillograph, the 110 kv expulsion 
protective gaps do not leave any record of follow 
current during normal operation, unless multiple 
discharges occur, but in 2 cases records were obtained 
showing the presence of multiple discharges. The 
data obtained have been included with that from 
Roanoke, but is identified in each case. 
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Fig. 2. Number of successive discharges in multiple 
lightning strokes 


Data taken with type PM-13 oscillograph from Carolina 
Power and Light Company system 


Record 73 from the Roanoke-Danville line, show- 
ing successive discharges, is reproduced in figure 1. 
This record from the crater lamp oscillograph shows 
the first tube operation. 


FREQUENCY OF OCCURRENCE 


Out of a total of 39 recorded strokes obtained on 
the crater lamp oscillograph at Roanoke (counting 
multiple strokes as one) 8 or 20 per cent were mul- 
tiple. These data were obtained from 123 miles of 
line. On the Carolina system, the total number of 
strokes is unknown, since only automatic oscillo- 
graph records are available. However, on this sys- 
tem 2 records were obtained from 921/, miles of line. 

There seems to be a definite tendency for some 
storms to produce more multiple strokes than others. 
For instance, the records at Roanoke show that on 
the first 10 days during which strokes occurred a 
total of 16 strokes was recorded during the time from 
June 11 to July 19, but none of these were multiple 
although 5 occurred on one day. However, on July 
21 a storm beginning at 3:06 p.m. and continuing 
for 5 hours yielded 4 multiple strokes and 2 single 
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strokes. Of these 4, 2 consisted of 2 successive dis- 
charges each, 1 of 4, and 1 of 3 discharges. Four 
days later a 2 hour storm beginning at 3:12 p.m. de- 
livered to the lines under observation 9 single strokes, 
1 of 2, and 1 of 3 successive discharges. Three 
single strokes were recorded during the storm of July 
26, while on July 28 only 2 strokes were recorded, 
both multiple, 1 consisting of 2, and the other of 7 
successive discharges. Nearly a month later, on 
August 24, the next and last record was obtained, 
being a single stroke. 

Thus, in a total of 15 days on which expulsion gaps 
functioned due to lightning, multiple strokes were 
measured on only 3 days, but during these 3 days, 8 
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Fig. 3. Total duration of multiple lightning strokes 


Data taken with type PM-13 oscillograph from Carolina 
Power and Light Company system 


out of 19 or 42 per cent were multiple. During these 
3 days, a total of 36 discharges occurred, of which 25 
were successive and 11 were single discharges. 

In the foregoing, no effort has been made to in- 
clude records of direct strokes where follow current 
through the expulsion gap did not take place. No 
doubt some of the oscillograph operations were due 
to lightning discharges that did not cause tube opera- 
tions. Such records are, however, too uncertain to 
be included, and therefore the results given may be 
in error to that degree. 


NUMBER AND TIMES OF SUCCESSIVE DISCHARGES 


Combining all of the data from the 2 systems be- 
ing studied together, figure 2 shows the relation be- 
tween the number of successive discharges and the 
number of times at least that many discharges oc- 
curred. Although all of the multiple discharge 
points are known for the Carolina data, yet the 
number of single strokes is unknown. Adding these 
would increase the total number of discharges by an 
unknown amount. It would not affect the shape of 
the curve materially. This curve indicates that, as 
would be expected, the larger the number of succes- 
sive discharges, the less frequently they occur. 

The total time occupied by successive discharge of 
the multiple strokes is given in figure 3 showing that 
the longest time was 40 cycles or about ?/; second. 
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This compares with 0.624 second obtained photo- 
graphically by Larsen. 


Time INTERVAL BETWEEN SUCCESSIVE DISCHARGES 


The time interval between successive discharges 
is important, as it will determine the characteristics 
protective devices must have to be always in a con- 
dition to offer the same protection for successive dis- 
charges as for a single stroke. The time interval 
also will have an important bearing on the strength 
of insulation, whether solid or otherwise, required 
for such conditions as compared with the strength 
required to withstand a single impulse. ; 

The curve in figure 4 shows that the shortest time 
interval was 1 cycle and the longest 91/2 cycles. 
Thus, it appears that protective devices must be 
capable of restoring themselves in a time of 1 cycle. 
Tests made on insulation with equal time intervals 
of 1 cycle represent a frequency of application higher 
than these data indicate, and thus would lead to an 
insulation design incorporating a certain factor of 
safety. It appears that such a procedure would 
represent the simplest method of approaching this 
problem from the testing point of view. 

In figure 5 is shown the relation between the num- 
ber of successive discharges and the time interval 
between them for those recorded having more than 
2 successive discharges. There seems to be some 


tendency for the time interval to become greater 
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Fig. 4. Time between discharges in multiple 
lightning strokes 


after the second discharge, but there is no well de- 
fined relationship, the 2 7 discharge strokes show- 
ing a decreasing interval after the fifth discharge. 
Of course these values are confined to strokes caus- 
ing operations of the expulsion gap, and may not 
represent all the multiple strokes, which might have 
been obtained with a moving film camera. 


EFFECT OF CONDUCTOR POLARITY 


On all 3 phases of both circuits there appears to be 
a definite tendency for expulsion gap operation when 
the phase potential is positive. Table I shows the 
results tabulated with respect to polarity. Includ- 
ing all of the successive discharges as separate dis- 
charges, follow current began 54 times when one of 
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the phase conductors involved was positive, and 22 
times when one of the conductors involved was nega- 
tive; 7 times the potential was substantially zero. 
The data show that follow current occurred 32 times 
with conductors of positive polarity only involved, 
and 4 times with conductors of negative polarity 
only involved. This is without respect to whether 
the conductor is the top, middle, or bottom conduc- 
GE: 

It is suggested that the reason for the expulsion 
gap operation when the conductor is positive, may 
well be accounted for largely when it is remembered 
that the records show most direct strokes to be neg- 
ative; therefore, the flashover potential of the con- 
ductor having the highest positive potential will be 
reached first, assuming that lightning strikes the 
tower or ground wire. If after this flashover, suffi- 


cient potential still remains, other conductors will 


flash over, the most positive one tending to flash 
first. .This tendency would be greatest at maximum 
positive potential, which for the 132 kv circuits out 
of Roanoke would equal 107 kv crest. This value is 
somewhat greater than 10 per cent of the 1x5 mi- 
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Fig. 5. Time between successive discharges of 
multiple strokes having 3 or more discharges 
Curves on left are for strokes having 3 and 4 successive dis- 
charges; those on right are for strokes having 7 and 12 suc- 
cessive discharges 
x—crater lamp oscillograph; o—type PM-13 oscillograph 


crosecond flashover voltage of the insulator string, 
and often would be sufficient to determine which 
phase would flash over. The fact that 7 times as 
many expulsion gap operations occurred when only 
positive conductors were involved as when only nega- 
tive conductors were involved seems to give weight 
to this suggestion. 

Laboratory tests made recently in Pittsfield 


-(Mass.) to simulate a positive conductor and nega- 


tive stroke to the tower indicate clearly that the 
foregoing explanation offered is plausible. In mak- 
ing the test, 3 suspension insulators were suspended, 
the ground end being connected to earth through a 
resistance of several thousand ohms. A potential 
of 20 kv from a power transformer was applied be- 
tween the line conductor and the earth. The cir- 
cuit was so arranged that a negative impulse could be 
applied to the ground end of the insulator string at 
either 90 or 270 degrees with respect to the potential 
on the line conductor. Without power voltage on 
the string, the impulse flashover was found to be 


ELECTRICAL ENGINEERING 


Table I—Polarity of Phase Potential When Follow Current Begins 
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about 350 kv. With a positive potential on the 
string, flashover took place with 16 per cent reduc- 
tion in impulse potential, and with the conductor 
negative it was necessary to increase the impulse 
potential 13 per cent. Similar results were ob- 
tained with a higher power voltage on the insulator 
string. 

It may be argued that negative lightning would be 
more likely to strike a conductor when positive 
than when negative. While this may account for 
some of the records, it would seem as though with 
this hypothesis the top conductor should have re- 
ceived a larger share of the discharges than it did. 
The total number of discharges when the conductor 
was positive was 20, 21, and 13 for the top, middle, 
and bottom conductors, respectively. No test data 
are available to show just how important a factor 
this effect may be. There is nothing in the data to 
show conclusively whether the line conductors or 
ground wire were struck; but, based upon general 
consideration, one would expect the ground wire to 
receive the majority of discharges because of its 
more exposed position. 


SUMMARY 


1. Multiple strokes.occur to transmission lines, and create a series of 
impulses that may be as close together as 1 cycle or as far apart as 
9.5 cycles (on a 60 cycle system). As many as 12 successive dis- 
charges were recorded, although photographically 40 discharges 
have been recorded in a time of 0.624 second. 


2. There seems to be a tendency for multiple strokes to be some- 
what confined to certain storms, although more data must be ob- 
tained before any definite conclusions can be drawn. 


3. There seems to be little consistency between multiple strokes as 
to the time interval between successive discharges. 


4. The polarity of the power frequency potential appears to have 
considerable influence upon determining which conductor flashes to 
ground. This has been shown experimentally to be expected when 
lightning of opposite polarity strikes the tower or ground wire. It 
also may have some influence in determining which line conductor is 
struck. 

5. Since the data obtained show that 20 per cent of the recorded 
strokes consisted of more than one discharge, the effect of multiple 
discharges must be considered in any protective scheme. This is 
true both with regard to the apparatus to be protected and the 
protective apparatus itself. 


6. More data is needed concerning the multiple stroke so that 
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good engineering estimates of its importance and effects can be 
made. It is expected that this investigation will be continued. 
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Impulse and 60 Cycle 
Strength of Air 


The effect that the shape of electrodes has 
on the dielectric strength of air when sub- 
jected to impulse and 60 cycle voltage 
waves is considered in this paper. Princi- 
pal attention is given to rod and plate 
electrodes and to sphere and plate elec- 
trodes, comparative data on the different 
types being given. Among other factors, 
the effect of polarity on breakdown volt- 
age is brought out. These data on strength 
of air between various electrode shapes 
are correlated into working principles and 
presented from the standpoint of the de- 
sign engineer interested in their applica- 
tion. 


By 
P. L. BELLASCHI 


MEMBER A.I.E.E. 


W. L. TEAGUE 


ASSOCIATE A.1.E.E. 


Both of 
Westinghouse Elec. and 
Mfg. Co., Sharon, Pa. 


A. is universally used in high 
voltage engineering, such as for the insulation of 
transmission lines, substation structures, codrdina- 
tion and protective apparatus, bushings, and in fact 
even for the insulation of complete electrical appara- 
tus. Hence the paramount importance of air as a 
dielectric is manifest; this accounts for the many 
endeavors in the past to establish the strength of air 
on a reliable basis. The inconsistencies and varia- 
tions between the results of various investigators is 
another reason for the repeated efforts in the past to 
obtain reliable data on the strength of air. The fol- 
lowing considerations account for the incomplete 
reliability of a great deal of the past data for applica- 
tion to design work in high voltage engineering: 
First, the technique of voltage testing!®* and meas- 
urement*~’, particularly with impulses, had not been 
established on a reliable and practical basis until 
in recent years. Second, the effect of such factors 
as air density, pressure, humidity, etc., onthe strength 
of air to impulse®® and 60 cycle-!? voltages have 
been formulated lately to a degree of accuracy that 
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better comparison of data obtained in various labora- 
tories is now possible. ' 

Many investigators have studied the strength of 
air,8-! particularly from a fundamental stand- 
point.!%-16 Some of the published data is limited to 
relatively short gaps. Of these data, a great deal is 
difficult to interpret and consequently to apply to 
design, simply because testing conditions, air density 
(temperature and atmospheric pressure), humidity, 
etc., are either not fully specified or more often not 
mentioned at all. Nevertheless some data particu- 
larly for 60 cycle strength for wide gap openings is 
found in the literature which are useful for design 
application, though the desired detail information 
of test and atmospheric conditions may be lacking. 
A systematic effort has been made lately”°-”? to 
standardize the technique of testing and measure- 
ment and to establish reliable correction factors 
which, all combined, will aid in making published 
data in the future of greater usefulness. 

In the investigation reported here full advantage 
was taken of the latest technique in testing and 
measurement, as well as in the application of cor- 
rection factors wherever it was deemed essential to 
refer the experimental data to unity air density 
(25 degrees centigrade temperature and 760 milli- 
meters barometric pressure) and standard humidity 
(6.5 grains per cubic foot). Impulse and 60 cycle 
voltages ranging up to 2,000 kv have been investi- 
gated as these comprise the voltages which are com- 
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Fig. 1. Rod-to-plate gap 


0.5 inch square cut, square rod; 0.25 X 120 X 170 inch 
plate 


monly encountered in present everyday practice. 
Thus data on strength of air between various elec- 
trode shapes and arrangements that are of funda- 
mental importance in high voltage engineering are 
presented in this paper. To render the experimen- 
tal results more useful, the data are correlated into 
working principles, thus aiming to show that the 
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fundamentals of high voltage engineering are sus- 
ceptible of being established on a more systematic 
basis. 

The results of this investigation are therefore pre- 
sented from the standpoint of the design engineer 
whose particular concern is the immediate applica- 
tion of working principles to the economical de- 
velopment of electrical apparatus which must per- 
form according to required characteristics. How- 
ever, the writers realize that the data on the strength 
of air now made available offer great opportunities 
for studies on the mechanism of breakdown in gases 
to account for, explain, and, if possible, even to 
formulate the phenomena observed. Such a study 
is, however, beyond the practical realm of the present 
paper. 

The first part of this paper deals with the impulse 
and 60 cycle strength of air for rod and plate elec- 
trodes whereas in the second part the impulse and 


The quantitative amount of the polarity effect on the impulse 
flashover of rod and plate electrodes in various arrangements is 
given in tables I and II and figures 5 and 6. 

For the sphere-to-plate gap at spacings greater than 3 diameters 
the electric field becomes dissymmetrical to a degree which results in 
essentially the same negative and positive impulse flashover as for 
an equal spacing of the rod-to-plate gap. 


2. The transition in the impulse voltage characteristics from a dis- 
symmetrical to a symmetrical gap, whether the electric field is rela- 
tively uniform or not uniform, is rather abrupt particularly for the 
negative polarity. This transition is markedly evident for the 
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Fig. 2. Positive and negative impulse voltage 
characteristics of rod-to-plate gap 


Relative air density = 1.00; absolute humidity = 6.5 grains 
per cubic foot 


60 cycle strength of air between sphere and plate 
electrodes is given. The following conclusions sum- 
marize the pertinent facts on the strength of air as 
affected by shapes of electrodes. 


CONCLUSIONS 


1. The effect of polarity on the impulse flashover of air gaps corre- 
sponds in amount to the degree of departure from symmetry in the 
arrangement and shape of the electrodes. The flashover voltage 
is lowest when the positive polarity is applied to the electrode where 
the electric field is most intense and highest when the negative 
polarity is applied to that electrode. 
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Fig. 3. Positive impulse characteristics of rod gap 


Relative air density = 1.00; absolute humidity = 6.5 grains 
per cubic foot 


sphere-to-plate gap as the spacing is increased above 2 diameters 
(figure 13) and also for the rod-to-plate-with-rod-extension gap 
(figures 5 and 6). 


8. In contrast with the polarity effect where the negative impulse 
flashover exceeds the positive flashover as is the case for dissymetrical 
gaps with the field concentrated at one electrode, the negative im- 
pulse flashover for relatively uniform fields is less than the positive 
flashover voltage. This effect is revealed in the case of the sphere- 
to-sphere gap in figure 14, and also for the sphere-to-plate gap in 
figure 13 in which case the positive and negative curves actually 
cross at 3/, diameter spacing where the dissymmetry becomes suf- 
ficiently pronounced. 


4, For the electrode shapes and arrangements having substantial 
dissymmetry, as stated in conclusion 1, the 60 cycle flashover volt- 
age is less by a relatively small amount than the positive impulse 
minimum flashover voltage. This indicates, as confirmed also by 
other observations and tests, that 60 cycle flashover occurs on the 
positive polarity of the wave. 

For the electrode arrangement where the electric field departs only 
slightly from uniform, as stated in conclusion 3, the 60 cycle and 
negative impulse flashover voltage are practically identical. 


5. The presence of corona and streamer formation which precedes 
breakdown with the electrode shapes and arrangements having sub- 
stantial dissymmetry also tends to modify and alter the effective 
physical electrode shape, particularly at 60 cycles, in which case 
corona persists diffusely for a considerable time before actual 
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sparkover occurs. The effects associated with corona and soe a: 
are complex and introduce complicating factors in the phenomena fo) 
breakdown. An example of this corona effect is found in figures 9 
and 10 where, at the wider spacings the flashover for the rod-to- 
plate gap is greater than that of the sphere-to-plate gap. 


6. The 60 cycle flashover voltage of a sphere-to-plate gap bears a 
definite relationship to the rod-to-plate flashover voltage which for 
practical purposes may be expressed quantitatively. Thus from 
table III, the ratio of the flashover voltages for the 2 types of gaps 
at a given spacing expressed in sphere diameters is practically a 
constant for the various sizes of spheres and therefore may be 
plotted as a single characteristic curve. 


Rod and Plate Electrodes 


DESCRIPTION OF TEST, TECHNIQUE 
OF MEASUREMENT, CORRECTION FACTORS 


The electrode arrangement for the rod-to-plate 
gap is illustrated in figure 1. It consists of a 0.5- 
inch square cut, square rod suspended vertically 
above the center part of a horizontal 0.25 inch thick, 
120 by 170 inch steel plate lying flat on the ground. 
A clearance from the gap to adjacent objects of not 
less than 4 times the largest gap opening was main- 
tained. Observance of actual breakdown, both 
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Fig. 4. Negative impulse characteristics of rod gap 


Relative air density = 1.00; absolute humidity = 6.5 grains 
per cubic foot 


with 60 cycle and impulse voltages, indicated con- 
sistent flashover from the rod to the center of the 
plate, thus confirming that a condition of a true 
rod-to-plate gap existed. This fact was strikingly 
shown as any material reduction in the plate dimen- 
sions for the wider gap openings would be evidenced 
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by a flashover between the rod to a corner of the 
plate, particularly with negative impulses. 

The rod-to-plate gap with rod extension above the 
plate was exactly the same as illustrated in figure 1 
except that in addition a segment of the rod of the 
desired length was set at the center of the plate ex- 
tending vertically toward the suspended rod. The 
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curves for rod, rod-to-plate, and rod-to-plate-with- 
rod-extension gaps 


Relative air density = 1.00; absolute humidity = 6.5 grains 
per cubic foot ' 


A. Rod gap 

B. Rod-to-plate gap 

C. Rod-to-plate-with-rod-extension gap; ext. = 40% S 
D. Rod-to-plate-with-rod-extension gap; ext. = 20% S 
E. Rod-to-plate-with-rod-extension gap; ext. = 10% S 


rod gap was mounted horizontally and conformed 
closely in its arrangement to the prescribed require- 
ments for the coordination gap.%!° A clearance of 
more than 4 times the largest gap length was main- 
tained from these gaps to surrounding objects. The 
3 gap arrangements are shown in figure 5. 

The impulse tests were made with a standard 
1.5-40 microsecond wave. The data were analyzed 
according to the established methods, the voltage 
being measured at the crest and the time lag scaled 
on the oscillogram from the point on the front of the 
wave corresponding to the 60 cycle flashover voltage 
to the point of flashover on the tail. The test data 
were obtained under atmospheric conditions which 
departed usually less than 3 per cent from unity rela- 
tive air density (25 degrees centigrade and 760 milli- 
meters mercury) and varied from standard humidity 
(6.5 grains per cubic foot) on the average less than 
3 grains. In order to compare all the data for one 
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Fig. 6. Comparison of negative voltage time-lag 
curves for rod, rod-to-plate, and rod-to-plate-with- 


rod-extension gaps. (See figure 5 for gap arrange- 


ment) 


Relative air density = 1.00; absolute humidity = 6.5 grains 
per cubic foot 


A. Rod gap 

B. Rod-to-plate gap 

C. Rod-to-plate-with-rod-extension gap; ext. = 40% S 
D. Rod-to-plate-with-rod-extension gap; ext. = 20% S 
E. Rod-to-plate-with-rod-extension gap; ext. = 10% S 


electrode arrangement on a common basis of unity 
air density and standard humidity, corrections were 
applied. For air density a correction inversely pro- 
portional to the relative air density was applied. 
The correction used for humidity for the various 
time lags was in accordance with the most recent 
mata.s—9 

The 60 cycle tests were made with a 1,000-kv 
500-kva testing transformer having for engineering 
purposes a good sinusoidal wave form. The 60 
cycle voltage was measured with the sphere, spark 
gap as a reference standard using the most recent 


Table I—Comparison of Positive and Negative Impulse 
Flashover Voltage for Rod-to-Plate Gaps 


—————— 


Ratio of Negative to Positive Flashover Voltages for Various 


Gap Time Lags 
Spacing 
Inches 2 usec 3 psec 4 usec 8 psec Full Wave* 
10 eel OW VAZ9% 1.90. etches 2.18 
20 «1.42 1.525 1.59. Pensue 1.86 
40 vk 29 il Se. 1.44 1.58. 1.68 
60 wl e25 1.32. 1.38 1.49. 1.54 
80 Bee Led 1.32. 1.35 1,44. 1.48 


* The voltage corresponding to full wave is only slightly less than that for the 
longest time lag as shown in the curves. 
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calibration.’ The humidity correction factor ap- 
plied for the 60 cycle voltage was 3 per cent per 
grain per cubic foot. This is the best correction 
factor now available based upon past tests, though 
observations of the experimental data obtained in 
the tests reported here indicate the possibility of 
further refinements in the correction factor applicable 
for the various electrode arrangements. 

In general the air density and humidity correction 
factors applied to the experimental data counteract 
each other so that the effective correction is on the 
average 2 to 3 per cent and seldom more than 5 per 
cent. The interesting fact observed was that both 
the impulse and 60 cycle data, even when corrected 
by present methods to a common basis for compari- 
son, could be reproduced on the average within 2 to 3 
per cent and seldom would repeated check tests give 
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GAP SPACING. IN INCHES 
Fig. 7. Sixty cycle flashover voltage for rod and 
rod-to-plate gaps 


300 


200 


Relative air density = 1.00; absolute humidity for rod gap 
curve = 3.0 to 3.7 grains per cubic foot and for rod-to-plate 
gap curve = 4.3 to 4.4 grains per cubic foot 


curves departing as much as 5 per cent from previ- 
ously established curves. Thus it is evident, though 
the corrections applied for atmospheric conditions 
may not be perfect, that the data presented here 
can be reproduced with sufficiently good engineering 
accuracy. As a matter of fact, however, more dif- 
ficulty was experienced in checking 60 cycle data 
than for the case of impulse data, probably due to 
the correction factors. 
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2 SPHERE 
“ELECTROD! 


Fig. 8. Sphere-to-plate gap 


Standard 25 centimeter sphere; 0.25 X 120 X 170 inch 
plate 


RopD-TO-PLATE GAP 


The impulse data of this gap for spacings up to 
80 inches are given in figure 2. The important im- 
pulse characteristic indicated by the data is the 
polarity effect. The negative curves particularly 
for the longer time lags are materially above the 
positive curves. Longer time lags are observed with 
the positive wave than with the negative. The 60 
cycle curve is only slightly below the 12 micro- 
second time lag or full wave positive curve; this 
relationship thus indicates that the 60 cycle flashover 
occurs on the positive polarity. The marked po- 
larity effects for this electrode arrangement are in- 
dicated in table I, where the flashover voltages at 
different time lags for the positive and negative 
waves are compared with each other. 


Rop Gap 


The rod or codrdination gap plays an important 
réle in impulse testing and as a protective device. 
The data given in the curves of figures 3 and 4 repre- 
sent respectively the positive and negative charac- 
teristics of the rod gap. Since the rod gap ap- 
proaches a symmetrical arrangement it, therefore, 
is not affected by polarity effects as much as the 
rod-to-plate gap. It is enlightening to compare 
the relative flashover voltages for the rod-to-plate 
and the rod gaps. This comparison is made in 
table II. 


Rop-TO-PLATE GaP WITH 
Rop EXTENSION ABOVE PLATE 


The data in table II thus infer that a transition 
region exists between the charactersitics of the rod- 
to-plate and of the rod electrode arrangements. A 
rod-to-plate gap with various degrees of rod exten- 
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sions above the plate was accordingly investigated 
both with positive and negative waves. The curves 
are given in figures 5 and 6 and reveal very pertinent 
data on the transition from the rod-to-plate to the 
rod gap characteristics. The transition is more 
abrupt for the negative wave than for the positive. 
For both polarities a 20 per cent rod extension above 
the plate results in practically a complete transition 
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Fig. 9. Sixty cycle flashover and corona voltages 
for 25 centimeter sphere-to-plate and rod-to-plate 
gaps 
Relative air density = 1.00; absolute humidity for sphere-to- 


plate gap data = 9.5 grains per cubic foot and for rod-to- 
plate gap data = 4.3 to 4.4 grains per cubic foot 


from rod-to-plate to rod gap characteristics. The 
curves plotted in figures 5 and 6 for various amounts 
of extension are average data. The actual points, 
as illustrated for a few of the curves, are quite scat- 
tered and indicate a rather erratic performance in 
the transition from one gap to the other. For 
either the rod gap or the rod-to-plate gap the actual 
points (not shown) depart only a few per cent and 
seldom more than 5 per cent from the average curves 
indicated. The observations of flashover during 
the test are of practical interest as these have a 
bearing on the interpretation of the actual data. In 
the case of the positive wave a small rod extension 
above the plate resulted in a flashover from the 
suspended rod partly to the rod extension and partly 
to the plate, whereas for the negative wave, flashover 
occurred consistently between the suspended rod and 
the rod extension above the plate. 

With 60 cycle voltage there is no great difference 
in flashover voltage between the rod and the rod- 
to-plate gaps; this can be seen from figure 7. In 
both cases breakdown is preceded by diffuse corona 
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discharge as is expected due to the low corona level 
of both gaps. The small departure of each curve 
from the corresponding positive impulse flashover 
for long time lag indicates 60 cycle flashover is as- 
sociated with positive polarity. Due to the small 
difference between the 2 curves it was rather difficult 
to establish clearly the transition at 60 cycle voltage 
from the rod-to-plate to the rod gap. At 80 inch 
spacing, however, where the difference between the 
2 curves is appreciable, the tests show that for vari- 
ous extensions above the plate there is a consistent 
and uniform transition from the curve of one gap 
to the other. At this spacing, the flashover voltage 
of the rod gap is 10 per cent above that of the rod- 
to-plate gap. A 10 per cent extension of the rod 
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12.5-CM SPHERE GAP 
CORONA VOLTAGE 


0 20 40 60 80 100 20 140 
GAP SPACING IN INCHES 

Fig. 10. Sixty cycle flashover and corona voltages 

for 12.5, 25, 50, 75, and 100 centimeter sphere-to- 

plate gaps and flashover voltage for rod-to-plate gap 


For source of data see reference 17 at end of paper 


above the plate increases the flashover, above that 
of the rod-to-plate gap, 3 per cent; a 20 per cent 
extension increases the flashover 5 per cent; and a 
40 per cent extension, 7.5 per cent. 


Sphere and Plate Electrodes 


DESCRIPTION OF TEST, TECHNIQUE 
OF MEASUREMENT, CORRECTION FACTORS 


The electrode arrangement for the sphere-to-plate 
gap is illustrated in figure 8. The sphere electrode 
consists of a 25 centimeter standard sphere attached 
to a vertical, 2 inch rod, and the plate electrode is 
the same as described in connection with figure 1. 
The same measures were taken as in all previous 
tests to keep surrounding objects well removed 
from the gap. It was observed that even at the 
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widest gap opening, flashover occurred consistently 
from the sphere to the center of the plate. 

Data was obtained following exactly the same 
technique of testing and measurement as described 
previously for rod and plate electrodes. 

For the sphere-to-plate electrodes the data are 
corrected to the common basis of unity relative air 
density; i. e., the correction factor applied is inversely 
proportional to the relative air density. It was 
deemed best not to apply any correction for humidity 
but rather to give the actual absolute humidity for 


Table Il—Comparison of Impulse Flashover Voltages for 


Rod-to-Plate and Rod Gaps 


Flashover Strength in Per Cent of Positive Rod-Gap Flashover 
Positive Polarity Negative Polarity 


Rod-to-Plate Rod-to-Plate 


Gap Rod Gap Gap Rod Gap Gap 
Spacing SS = 
Inches 2 Full 2 Full 2 Full 2 Full 
uwSec Wave* yuSec Wave* wSec Wave* yuSec Wave* 
DO recess eta ook OO speteters TOOkee ee (oh eee S38 eternal Vatevass 127 snnloO reas 
ZO aaserere JOON LOOT ae Ur ori, Bomcae VIS rol cae. thosee ste OG: 
SOR vcore 100% =. LOO Oo bse 86 oi LTD Lie Ser 24 ee ae 
COE create LOO eek OO Re ee QE ees 8 Licks ee L ON eee etl LA eetyeilo Once 134 
SO escei LOOe ar. LOO fn apete OW ia vole Oop ns eel Lilep wee LA menyael 2 Ligeranresl oi 
Avetage.;: 100s. 1000 ns 04s 5 ee soOu near Ll oes Oamtsers 129.....149 


*The voltage corresponding to full wave is only slightly less than that for the 
longest time lag as shown in curves. 
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TIME LAG IN MICROSECONDS 
Fig. 11. Positive voltage time-lag curves for 25 


centimeter sphere-to-plate gap 


Relative air density = 1.00; absolute humidity in grains per 

cubic foot as follows: 80 inch spacing, 8.3; 60 inch, 8.1; 

AO inch, 7.1; 30 inch, 7.1; 20 inch, 6.3; 10 inch, 4.2; 5 
inch, 4.4 
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the data. The atmospheric conditions departed, 
however, only slightly from standard: the air density 
was not greater than 2 per cent and the humidity 
was seldom more than 2 grains per cubic foot from 
standard. Previous investigations on the sphere 
spark gap*7 have shown that for relatively short 


Table III—Comparison of 60 Cycle Flashover Voltage of 
Sphere-to-Plate and Rod-to-Plate Gaps 
ES a SIR ey cleo Oe Poche 


Ratio of Sphere-to-Plate Flashover Voltage to Rod-to-Plate 
Flashover Voltage for Equal Spacings 


Spacing 
in Sphere 12.5 cm 25 cm 50 cm 75 cm 100 cm 
Diameters Sphere Sphere Sphere Sphere Sphere 
0.5 Sih tea irk O sens ervey « 344... BY eam Rete 340 
1 250 eee eer S240 2. eect 231 . .230 
2 VWS 36 5d coc AY .147.. 144 142 
3 116 Mell Saar srent 110. 111 110 
3.5 La aero ol 102 .101. 103 102 
4 Die 196 nb KE 98 
5 97.. sete 04. naa 94 93 
7.5 Urls < . 94 94 
10 97.. 95 
15 e963. 96 
20 . 95 
30 98 


gap spacings humidity has no effect on sparkover; 
it is only therefore for the wide spacings, where break- 
down is preceded by streamer formation or corona, 
that humidity would be expected to have any effect 
on the flashover of the sphere-to-plate gap. 


SPHERE-TO-PLATE GAP 


The 60 cycle flashover voltage of the 25 centimeter 
sphere-to-plate gap is given in figure 9; the flashover 
voltage of the rod-to-plate gap is given also for com- 
parison. Similar data by Goodlet, Edwards, and 
Perry,’” are in such good agreement with those in 
figure 9 that their data for various sizes of spheres to 
plate and for the rod to plate are reproduced in 
figure 10. The data for the sphere-to-plate flashover 
are compared to the rod-to-plate flashover in table 
III. The comparison reveals an interesting rela- 
tionship characteristic of the sphere-to-plate gap. It 
is significant to note that at a gap spacing close to 
3.6 sphere diameters the flashover curve for the 
sphere-to-plate gap intersects the rod-to-plate curve. 
For shorter spacings the sphere-to-plate gap flashes 
over at a higher voltage and for larger spacings at a 
lower voltage than the rod-to-plate gap by an amount 
given in table III. 

The 60 cycle corona levels for the sphere-to-plate 
and rod-to-plate gaps are given in figures 9 and 10. 
These levels have a bearing on the flashover curves 
and the nature of the breakdown. During the tests 
it was observed for the sphere-to-plate gap that as 
the opening exceeds 3.6 sphere diameters “‘corona’’ 
appears abruptly in the form of streamers. These 
streamers extend out 2 inches and more at the in- 
stant they first appear and increase in length as the 
gap spacing is further increased above the critical 
value. This sudden streamer formation on the 
sphere-to-plate gap is rather contrasting when com- 
pared to the corona glow gradually increasing into 
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diffuse corona and streamers which precede flashover 
of the rod-to-plate electrode. 

The impulse characteristics of the sphere-to-plate 
gap are given in figures 11 and 12. Each curve is 
based upon 10 or more actual points which deviate 
individually less than 2 per cent in general from the 
average curve drawn; only a few points in all the 
experimental data depart as much as 5 per cent. It 
should be noted that for spacings up to one sphere 
diameter the voltage-time lag curves are flat down to 
1 or 2 microseconds; thus, these curves are similar 
to corresponding curves for the sphere-to-sphere 
gap.’ For the larger gap spacings the curves as- 
sume more and more the same form as for the rod- 
to-plate gap. Another pertinent characteristic is 
that the voltage-time lag curves for the negative 
waves are substantially flat compared to curves for 
positive waves. The negative values exceed the 


PS cng woes 


ele ees ae es ee 
Pale Cases uk 


1400 


fad Eas SPACING 60 INCHES 
RE ee ABs aie Se ae 


KILOVOLTS 


400 


} |__SPACING 10 INCHES | 
ee Es SPACING to INCHES | | | 


i i a ee a ee 
‘Sul 


RIES ao 

el ne 
etc ec ah 
oa et ho RSS a ea 
0 2 ri 6 8 i0 i2 4 
TIME LAG IN MICROSECONDS 


Fig. 12. Negative voltage time-lag curves for 25 
centimeter sphere-to-plate gap 


200 


Relative air density = 1.00; absolute humidity in grains per 

cubic foot as follows: 80 inch spacing, 7.9; 60 inch, 7.4; 

40 inch, 6.8; 30 inch, 6.6; 20 inch, 6.5; 10 inch, 3.1; 
5 inch, 3.4 


positive for spacings greater than one diameter over 
the range of time lags investigated. 

A comparison of the 60 cycle and the full wave im- 
pulse flashover curves for the sphere-to-plate gap is 
shown in figure 13. For spacings °/, diameter and 
less the positive impulse curves are above the nega- 
tive, whereas the negative and 60 cycle are prac- 
tically identical, thus indicating a similar character- 
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istic as for the sphere-to-sphere gap,*—7 an example of 
which is shown in figure 14. The negative and 
positive curves cross each other at a spacing about 
8/4 sphere diameter and beyond this the negative 
curve exceeds the positive a greater and greater 
amount with wider gap spacings. The polarity ef- 
fects become strikingly evident between 2 to 3 sphere 
diameter spacings, yet in this transition region the 
data could be reproduced and checked within an 
accuracy of 2 per cent from the average. 

It was indicated in conjunction with figure 9 that 
above 3.diameter spacings the 60 cycle flashover 
curve for the sphere-to-plate gap is nearly the same 
as the rod-to-plate curve. This characteristic is 
again revealed in figure 13 where beyond the transi- 
tion region near 3 diameters the positive and nega- 
tive impulse curves are practically identical with the 
corresponding curves for the rod-to-plate gap in 
figure 2. Furthermore, the 60 cycle curve in figure 
13 is relatively close to the positive impulse curve as 
compared to the negative. All these observations 
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Fig. 13. Positive and negative impulse, and 60 
cycle flashover voltage for 25 centimeter sphere-to- 
plate gap 


Relative air density = 1.00; absolute humidity as per figures 
9, 11, and 12 


thus show in a simple and general way the simi- 
larity of the characteristics of the sphere-to-plate 
gap as compared to the rod-to-plate gap. 


SPHERE-TO-SPHERE GAP 
This type of gap is particularly important as a 


reference standard for voltage measurement where 
its use is limited to spacings below one diameter. 
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Fig. 14. Posi- 
tive and negative 400 
impulse, and 60 
cycle _—_flashover 
300 
voltage for 25 » 
centimeter & 
(o} 
sphere-to- 2200 
sphere standard 
spark ga 
Bn spas 100 
Relative air density 
= 1.00 
0 
0 2 4 6 8 10 


GAP SPACING IN INCHES 


Comprehensive investigations of its 60 cycle and 
impulse characteristics have been published during 
the past year.*-’7 The impulse characteristics of the 
sphere spark gap to very short impulse waves are 
given in a recent publication.’ Figure 14 gives the 
impulse and 60 cycle flashover voltage of the 25 
centimeter sphere gap up to one diameter spacing; 
these curves are typical of the characteristics of 
sphere gaps of other sizes. 
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Discussions 


Of ALE E Papers—as Raccinimnended Loe Publication Ly ‘Dechnicnl Committees 


oO. THIS and the following 15 pages appear all remaining unpublished dis- 


cussions of papers presented 


at the 1934 A.I.E.E. summer convention, Hot 


Springs, Va., June 25-29, as follows: (1) all papers except one presented at 
the session on power generation (complete discussion on one paper was pub- 
lished in the November issue); and (2) all papers presented at the session on 


instruments and measurements. 


All discussions of the foregoing papers re- 


ceived in complete and acceptable form at Institute headquarters, and sub- 
sequently reviewed and recommended for publication by A.I.E.E. technical 
committees, are included. Authors’ closures, where they have been sub- 
mitted, will be found at the end of the discussion on their respective papers. 
Members anywhere are encouraged to submit written discussion of any 
paper published in ELecTRICAL ENGINEERING, which discussion will be re- 
viewed by the proper technical committee and considered for possible pub- 


lication in a subsequent issue. 


Discussions of papers scheduled for presenta- 


tion at an A.I.E.E. meeting or convention will be closed 2 weeks after presenta- 


tion. 


Discussions should be (1) concise; (2) restricted to the subject of the 


paper or papers under consideration; and (3) typewritten and submitted in 
triplicate to C. S. Rich, secretary, technical program committee, A.I.E.E. 
headquarters, 33 West 39th Street, New York, N. Y. 


A 7,000-Ampere 
— Station Bus 


Discussion and authors’ closure of a paper by 
H. L. Unland, W. B. Morton, and V. R. 
Bacon published in the June 1934 issue, and 
presented for oral discussion at the power 
generation session of the summer convention, 
Hot Springs, Va., June 29, 1934. 


F. R. Dallye: The authors of the paper 
which has just been presented are to be 
commended for presenting data in practical 
form on a subject as timely as this one. 
Channel conductors for heavy currents 
were introduced by the Aluminum Com- 
pany of America in 1929 after the erection 
of a complete blooming and _ structural 
mill for rolling strong alloy structural 
shapes. This permitted the fabrication of 
high purity aluminum channels in lengths up 
to 90 ft. The first large installation of 
these channel conductors was in the com- 
pany’s own plate mill at Alcoa, Tenn., 
where 2 parallel 3-phase circuits, 1,600 ft 
long, distribute 440-volt power to various 
mill motor, electric furnace, and lighting 
loads. 

In the development of this new use for 
structural channels a variety of current 
rating tests were conducted on several sizes. 
These were carried out in a complete en- 
closure 35 ft long, having a cross section of 
about 6 by 7 ft, to accommodate the 30-ft 
length of conductors under test. This 
allowed circulation of air around the buses 
but prevented drafts. 

One important finding is believed to be 
of general interest, namely, that the amount 
of space between the flanges of 2 chantiels 
forming a phase conductor materially 
affects the current rating. One experiment 
employed 8-in. channels having a web 
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thickness of 0.395 in. and a total cross sec- 
tional area of 9.56 sq. in. for the 2 channels. 
It was found that with the flanges butted 
together, in effect forming a rectangular 
tube, 3,800 amp caused an average tem- 
perature rise of 30 deg C. With a !/,-in. 
space between flanges the current was 
increased 15 per cent, and with a 3/,-in. 
space 30 per cent for the same temperature 
rise. When channels of this size are as- 
sembled in the usual square formation this 
space between flanges is 31/s in. and the 
corresponding current for 30 deg rise is 5,800 
or an increase of over 50 per cent. 

A striking example showing the ad- 
vantageous distribution of metal in struc- 
tural channel sections was demonstrated 
when 3!/,-in. extra heavy IPS (iron pipe 
standard) aluminum tubular bus was 
tested along with a conductor made up of 2 
4-in. channels having 0.247 inch web thick- 
ness. It will be noted that the width and 
height of both of these conductors is 4 in. 
and that their cross sectional areas are 
exactly the same, 3.68 sq in. A current of 
2,000 amp produced a temperature rise of 
30 deg C in the tube, which was new and 
bright. The channels carried 2,960 amp 
with the same temperature rise. The finish 
of new rolled channels is not quite as bright 
as the new tubing, but even well weathered 
tubing of this size has a rating of only 2,300 
amperes in comparison. 


H. B. Dwight: The tests made on practicai 
busbars at currents up to 7,000 amp will 
undoubtedly prove very useful in the design 
of this type of apparatus. The tests made 
with 3-phase current of this large amperage 
are noteworthy. 

The shifting of the hottest spot by rever- 
sal of the phase rotation, shown in Fig. 3 
of the paper, evidently corresponds to the 


similar behavior of the heating of the 
sheaths of single-conductor cables with flat 
spacing, for which a calculation was given 
by eq 22 in my paper, ‘Proximity Effect in 
Cable Sheaths,” A.I.E.E. TRANS., Septem- 
ber 1931, p. 997. The phenomenon can be 
illustrated by simple wire circuits shown 
in Fig. 1 of this discussion. 

Let there be 9 long parallel wires as in 
the figure, the lower pairs forming short- 
circuited loops. Let R be the resistance per 
cm in absolute units, and 7 the radius of the 
wires in the loops, and let the power currents 
be 


I, = (—0.5 + 7 0.866)I 
=I 


Ig = (-—0.5 — j 0.866)I 
Taking voltages in the first loop and divid- 
ing by j w, 


p2 s? + B? 
Ta logn ) + Ip logm agi + Ic logn 
452 + R ad ) 
remem ate (2 in Cea ay) a 
2 2 
2Ip log, 1G + 21s loge 
ES spe 
per met 
where log, denotes natural logarithm. 


This and 2 equations for the other loops 
give the 3 loop currents in terms of the 
amperage, J, of the power current. 

Puttmgs @ =-8 im, 6 = 12st, co 4 
r = 0.5in., s = 5in., frequency = 60 cycles, 
and conductivity = 20 per cent of that of 
copper at 20 deg C, the following are ob- 
tained: 


(0.0372 + 7 0.358)I + (8.32 — 7 9.02), + 


0.989 In + 0.297 Is = 0 (2) 
0.1697 I + 0.989 I, + (8.32 — 7 9.02)Iz + 
0.989 I; = 0 (3) 


(0.0372 — j 0.358)I + 0.297 J, + 0.989 Ip -+ 
(8.32 — 79.02); =0 (4) 


Then |4,| = 0.0289 7, |Z] = 0.0141 J, 
and |J3| = 0.0306 J. 


The right hand loop has 6 per cent more 
current, and 12 per cent more heating, 
than the left hand loop. If the phase rota- 
tion were reversed, the left hand loop would 
have the larger current. 

If a round tube is bent into a square shape, 
the a-c resistance is increased because, in 
addition to the crowding of the current 
toward the outer surface, the current also 
crowds to some extent toward the corners. 

In Fig. 5 of the paper it is shown that 
the heating of a steel member depends on 
its resistance and its heat dissipating sur- 
face, as well as on its size and its nearness. 
to the current. ‘The value of practical 
tests is obvious. 

The indirect method of measuring the a-c 
resistance of the large conductors, as de- 
scribed in the paper, is interesting and ac- 
curate. The writer has used an alternative 
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method of obtaining this result. See the 
test curves of skin-effect resistance ratio 
in Figs. 4 and 5 in “A-C Conductivity of 
Iron Pipe,” Electric Journal, June 1926, 
p. 297. A curve of watts loss against 
temperature rise was first determined by 
direct current, and then the watts loss with 
alternating current at a certain tempera- 
ture rise was taken to be the same as the 


e 
Fig. 1. Arrangement of wires 


watts loss with direct current at the same 
temperature rise. 

It may be of interest to state that the 
curve of temperature rise by free convection 
for a stationary body, plotted on watts 
loss as a base, is a curve which bends slightly 
to the right, as in Figs. 1 and 2 of the 
article on iron pipe previously mentioned, 
or as shown by tests on copper conductors. 
As the temperature increases, the flow of 
air becomes faster and the watts dissipated 
become greater in proportion. 


H. C. Forbes: Regarding the determina- 
tion of the a-c resistance of buses, the au- 
thors state that ‘‘to measure directly the 
a-c resistance of large conductors of ir- 
regular section considerable difficulty and 
expense would be encountered and even 
then the accuracy would be subject to 
question.” I agree with that statement, 
and I would like to call attention to the 
fact that an indirect method of determining 
the a-c resistance of rectangular conductors 
which was described by L. J. Gorman and 
myself in a paper entitled ‘Skin Effect in 
Rectangular Conductors” (A.I.E.E. TRANS., 
June 1933, p. 516) is well suited to the deter- 
mination of the a-c resistance of conductors 
such as the authors describe. This method 
consists of making tests at high frequency 
on miniature conductors having dimensions 
proportional to those of the conductor for 
which the information is desired. 

Details of this method are given in the 
paper to which I have referred. Its ap- 
plication requires some rather special equip- 
ment which it is hardly worth while to set 
up where an investigation of only one 
conductor is desired. In order to overcome 
this difficulty I am hopeful that some of our 
electrical manufacturers or perhaps our 
universities may see fit to install a per- 
manent outfit in their laboratories so that 
they would be able to determine the skin 
effect of any conductor of irregular cross 
section by making a measurement on a 
miniature model. I believe that if such a 
service were available it would be patron- 
ized rather extensively by the electrical 
industry and I make the comment at this 
time with the thought that it may help to 
arouse an interest in the matter. 
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Discussions— 


Publication and Correlation 


Among the several important fea- 
tures of the unified publication plan 
put into operation by the Institute 
beginning with the January 1934 issue 
of ELECTRICAL ENGINEERING were 
improvements in the method of 
handling discussions. Among the 
desired improvements were: (1) 
reduction in the time delay prevailing 
between presentation and publica- 
tion; (2) making discussions ac- 
cepted for publication available to the 
entire membership of the Institute; 
(8) convenient and thorough index- 
ing, and effective correlation. 

Prompt Publication. The bulk of 
the discussion presented at the 1934 
winter convention was published in 
the March and April issues of ELEc- 
TRICAL ENGINEERING and, under nor- 
mal circumstances, would have been 
completed in the May and June 
issues. However, the development 
of the 50th anniversary issue in May, 
together with the necessity for ad- 
vance publication of technical papers 
on the programs of the summer and 
Pacific Coast conventions, required 
that the publication of further dis- 
cussion be suspended until Septem- 
ber. Recovery from that situation 
has been steady, however, if slow. 
With this December issue, the pub- 
lication of summer convention dis- 
cussion including closures is com- 
pleted; discussions and _ closures 
from the Pacific Coast convention 
are scheduled for the January and 
February 1935 issues. Thus the 
schedules will be cleared, so that 
the publication of discussion from the 
forthcoming winter convention can, 
with the codperation of discussors and 
reviewers, be begun in the March 
issue and continued on a regular and 
further iinproved program. 

Complete Circulation. Beginning 
with its publication in ELECTRICAL 
ENGINEERING, under the unified pub- 
lication plan, discussion was made 
available to the entire membership, 
thereby effectively rounding out the 
Institute’s publication service, and 
making generally available a greatly 
increased quantity of important 
and timely information. 

Annual Index. References to dis- 
cussions will constitute an important 
part of the hundreds of entries that 
will appear in the 1934 Annual Refer- 
ence Index. Particular care has 
been exercised to carry out a compre- 
hensive system of multiple entries 
embracing all discussions published 
during the year. A reference to all 
discussion (if any) of a paper will be 
given in this index under each of the 
several (average 5) entries of the 
subject and title of each paper. 


The 1934 Annual Reference In- 
dex will be issued in January 1935 and 
mailed without charge to all members 
or subscribers who request it. 


W.M.Hanna: Although the authors made 
their study to obtain an answer to a specific 
problem, the test data which they have ob- 
tained forms a considerable addition of use- 
ful information on heating of magnetic 
members. The results of the experiments 
on short-circuiting strips and grids are -es- 
pecially interesting and are of probably the 
most direct and immediate value to the 
industry. 

The heating of the bus itself has been only 
touched on, and properly so because it was 
soon found out that the one consideration of 
importance was forced convection. It 
would be interesting to know what air 
velocities are found necessary to keep the 
bus cool, and what effect this air has on the 
temperature of the nearby structural mem- 
bers. 

In Figs. 5 and 10 is shown an apparent 
inconsistency in that the 10-in. beam ran 
hottest, the 24-in. beam next, and the 
20-in. beam coolest. Heating should be 
directly proportional to some function of 
the beam dimension parallel to the con- 
ductor, and should be inversely propor- 
tional to functions of the cross section area 
and periphery. The principal flux con- 
centration is in the surface next to the con- 
ductor. A large cross section provides 
better heat transfer away from the hot 
spot and a large periphery provides better 
heat dissipation. Exainination shows that 
the 20-in. beam is larger in proportion to 
its depth than the 24-in. beam, and in con-. 
sideration of the foregoing it is logical 
that it should be cooler. 

Other factors affecting the heating besides 
dimensions are the permeability, resistivity 
and roughness of the magnetic material. 
The authors made comparative tests on sili- 
con and carbon steel beams and found that 
the difference was negligible. It would be 
very interesting to see if the values of per- 
meability and resistivity of the 2 beams were 
very nearly the same. 

The variation of test points from the 
curves as plotted would indicate the effect 
of such variables as air movement, surface 
roughness, etc., and data concerning this 
variation would be very valuable to future 
investigators. 


L. J. Gorman: This paper gives valuable 
information based on a comprehensive series 
of tests, particularly in reference to the 
induced current and consequent heating in 
metallic structures adjacent to buses carry- 
ing large currents. The data given in the 
paper are a valuable contribution to the 
knowledge on this subject. I have noted 
with particular interest the paragraph on 
skin effect and the test method of deter- 
mining a-c resistance by means of heating 
and cooling curves. 

In the calculation of a-c resistance, the 
authors assume that the ratio, thickness to 
diameter, for a cylindrical conductor could 
be replaced by the ratio of thickness to the 
side of the square in the case of the hollow 
square conductor. Based on the results 
of tests on solid conductors, published in a 
paper presented by H. C. Forbes and the 
writer at the January 1933 A.I.E.E. con- 
vention in New York City, it is believed 
that this assumption will give calculated 
values of a-c resistance that are from 5 to 
10 per cent toolow. The tests here referred 
to showed that the ratio of a-c to d-c 
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resistance in a solid square conductor is 
appreciably higher than in a solid round con- 
ductor having the same parameter. Al- 
though no experimental data were obtained 
on tubular or hollow square conductors, 
it is believed that the general relationship 
between solid, round, and square conductors 
would hold more or less in the case of tubular 
and hollow square conductors of the same 
parameter. In the square structure there 
seems to be a tendency for alternating cur- 
rent to crowd into the corners, thereby 
increasing the skin effect. It is believed, 
therefore, that the test values for a-c re- 
sistance given in the paper are more nearly 
in accordance with the facts than the cal- 
culated values would indicate. 

Referring to items Nos. 3 and 4 in Table I 
giving the d-c resistance, and to the test a-c 
resistance values for the same test bars, 
it will be noted that the ratio of a-c to d-c 
resistance is 1.53 in the case of item No. 3 
and 1.6 in the case of item No. 4. These 
ratios correspond very nearly to the a-c 
to d-c resistance ratios for solid strip con- 
ductor having a width and thickness ratio 
of 8 to 1 and corresponding parameters. 
This result seems to indicate good design 
in the hollow square conductors from the 
standpoint of skin effect and a-c resis- 
tance. 

The tests reported by Mr. Forbes and the 
writer were made on miniature buses at 
high frequencies ranging from 22 to 287 
ke. The test results agreed very closely 
with results obtained at lower frequencies 
and published by Messrs. Kennelly, Laws, 
and Pierce. It is believed that the high 
frequency method of test could be very 
readily applied to the type of bus discussed 
in the paper. The heating and cooling 
method mentioned by the authors is of par- 
ticular interest in that it requires no special 
testing equipment. 


L. A. Kilgore: The authors of this paper 
have made a very real contribution to the 
knowledge of losses and heating in struc- 
tural steel and other metal parts near a high 
current bus. Their chief purpose was to 
solve a practical problem and they have 
done this very well by experimental set-ups 
in the laboratory and a check test on the 
actual structure. 

It would seem at first glance that the 
problems presented here are too complicated 
for any quantitative theoretical analysis. 
However, by making use of certain prin- 
ciples which have been used with consider- 
able success in the determination of losses 
due to stray fields in electrical machines, 
the writer was able to predict roughly the 
magnitude of loss and temperature and the 
behavior of copper bands and amortisseur 
grids. 

Such a method of analysis if carried out 
very carefully and checked against the 
existing test data should be useful in ex- 
tending the results to other special cases, 
and perhaps to develop some approximate 
formulas or curves to apply to general 
cases. 

The principles referred to are the use of 
graphical flux mapping, as described by J. F. 
Calvert (Electric Journal, March to 
October 1928) and others, to determine 
the flux and current distribution; and the 
use of Rosenberg’s formula or some of the 
other formulas for calculating the current 


1648 


and loss produced by the flux traveling in 
the surface of the adjacent iron parts. 

The method of graphical flux mapping 
may also be used as shown in Fig. 2 of this 
discussion to determine the actual current 
distribution in a conductor of the type de- 


Fig. 2. Flux plot for determining current 
distribution in 6-in. channel conductors 


scribed. The effective depth of penetra- 
tion of the flux for 60-cycle flux in copper at 
60 deg C as calculated by Steinmetz’s for- 
mula is 0.256 and for the current the effec- 
tive depth of penetration is 0.361. In 
plotting the field the assumption is made 
that no flux goes deeper than the effective 
depth of flux penetration shown by the 
dotted line in Fig. 2. 

The loss is calculated for each element 
of current from the width of the element 
in the copper and the effective depth of 
current penetration. This gives a net 
ratio of a-c to d-c resistance at 60 cycles 
and 60 deg € of 1.56. The authors’ test 
results indicate a ratio of 1.6. This 
method may also be applied where the con- 
ductors are sufficiently close to affect the 
current distribution in each other; about 
the only limitation is that the actual copper 
be thicker than the effective depth of pene- 
tration. 

For the case of a single steel beam parallel 
to current carrying conductors the flux field 
is 2 dimensional and can be readily plotted 
for 2 special cases. Figure 3 was plotted 
on the assumption that the iron has infinite 
permeability and no damping. Figure 4 
was plotted on the assumption that the iron 
is a perfect damper. These 2 fields permit 
calculation of the actual flux and loss in the 
beam. In Fig. 3 the total flux entering the 
beam is assumed to divide on the 2 sides of 
the beam in a certain ratio, and the ampere 
turns for each side calculated. If the am- 
pere turns on each side are not equal, a new 
division is tried. The distribution of the 
currents induced in the beam will be 
approximately the same as that shown in 
Fig. 4. The ampere turns per inch (H) are 
calculated as: 


— OE [ie 
2 pB, (Sa) 
where f = frequency, p = resistivity (ohms 
per in. cube), and B, = saturation density 
(use 120,000). 

The current required to produce a certain 
flux as determined from Fig. 3 and the 
current required te balance the induced cur- 
rents produced by the flux are determined 
from Fig. 4. These are added at 45 deg 


phase difference to give the total current in 
the conductor. This 45 deg phase displace- 
ment between flux and current was derived 
by Steinmetz and has been demonstrated 
by test. 

The loss density W in watts per sq in. 
may be calculated from the flux per inch 
(¢in.) traveling in the iron surface by 
Rosenberg’s formula: 


oA 2 /% in.\§ 
eed e (ey. 10! ) 
In the case of the 24-in. beam, 17 in. 


from the conductor as shown in Fig. 11 of 
the paper, the average watts per sq in. 


Fig. 3. Flux entering a steel beam parallel to 
a single conductor, assuming infinite perme- 
ability and neglecting damping 


were calculated to be 0.27 and 0.15 at 7,000 
and 5,000 amp, respectively. This loss 
density gives a calculated rise of 33 deg and 
18.5 deg for the 2 cases, which checks the 
test value quite well. 

The case of beams at right angles to the 
conductors is somewhat more difficult, 
since the field is not truly 2 dimensional 


Fig. 4. Flux plot for determining current re- 
quired to balance induced currents plotted, 
assuming the steel to be a perfect damper 


and some approximate assumptions are 
necessary. For the case of the 3 phase con- 
ductors 51/2 in. from a 15-in. beam, as shown 
in Fig. 3 of the paper, the total flux entering 
the beam was determined by Fig. 5 of 
this discussion, using an average spacing 
equal to the distance to the center of the 
beam. 

In order to simplify the flux plotting, the 
3-phase current was resolved into 2 com- 
ponents: One flows in on phase A and out 
on C equal to 0.866 times the maximum 
phase current, and a second component 
(equal to the phase current) flowing in on 
phase B with half returning in phases A and 
C. These components are 90 deg in time 
phase. The flux fields assuming infinite 
permeability are shown for the 2 compo- 
nents on the left and right halves of Fig. 5. 
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Two flux plots assuming the iron to be a 
perfect damper were made and the current 
and loss calculated as before for each com- 
ponent separately. An accurate calcula- 
tion of the exact loss distribution would 
require that the resultant current at each 
point be determined. The average power 
per unit cube for the 15-ft beam shown in 
Fig. 3 of the paper was calculated as 0.22 
watts per sq in., which gives an average 
rise of 50 deg C for a beam covered with 
about 8 in. of concrete. The calculation 
of the maximum temperature involves the 
flow of heat along the beam as well as the 
actual distribution of loss; this is more 
difficult but not impossible. 

The shift in the point of maximum tem- 
perature with the reversal of phase rotation 
as shown in Fig. 3 of the paper can be ex- 
plained at least qualitatively as follows: 
If the 3-phase current is resolved into the 
2 components of current mentioned above, 
these 2 components of current are 90 deg 
in time phase but the currents induced by 
them in the beam are not 90 deg apart. 
The first component flowing in the 2 outer 
conductors produces considerable demag- 
netizing ampere turns, so that the net cur- 
rent in the beam due to this component 
lags the total current by something less 
than 45 deg. The induced currents due 
to the second component are not very 
effective in limiting the flux entering the 
beam, hence the flux is nearly in phase and 
the induced current about 45 deg out of 
phase with the conductor current. 

If the induced currents lagged the con- 
ductor currents by the same angle for each 
component, the loss distribution would be 
symmetrical about the center conductor. 
But with the difference in lag mentioned 
above, the induced currents due to the 2 
components do not add at right angles, 
hence the resultant current on one side is 
higher. Since reversing the phase rotation 
is equivalent to reversing one component, 
it changes the side on which the resultant 
current is highest and so produces the ob- 
served shift in the maximum temperature. 


The authors mention the possibility of- 


currents induced in loops formed by conduit 
and show how it can be protected from a 3- 
phase bus by a copper grid. In stations 


Fig. 5. Plot of flux about a 3-phase bus for 
2 components of the current 


where the phases are separated on different 
floors, the structural steel will form similar 
loops unless the joints are insulated. Cal- 
culations made using the principles outlined 
above show that in such a structure with a 
5,000-amp bus about 900 amp flows in the 
adjacent beams with about 30 deg C rise. 
It is difficult to protect the beams against 
this circulating current unless they are 
insulated. An amortisseur grid to protect 
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the beams would in this case have to carry 
nearly as much current as the main con- 
ductors. 


H. W. Papst: The work of Messrs. Unland, 
Morton, and Bacon reveals the multitude of 
problems which are encountered in con- 
ductor design when the usual current ca- 
pacities are exceeded. Either the problem 
of installing a 7,000-amp bus in the space 
allotted for one of 4,000-amp capacity or 
that of overcoming magnetic heating dif- 
ficulties encountered when such highly 
inductive currents must pass near steel 
work represents one of large proportions. 
The fact that extensive investigations of 
this nature have been made before and yet 
very little of the information previously ob- 
tained was of assistance in solving the 
particular problems involved in this case, 
show the necessity that existed for more re- 
search work to establish quantitative rela- 
tions between alternating currents, tem- 
perature rise of conductors, and induced 
heating in steel work. 

It is of interest to note that the increase 
in capacity from an old 4,000-amp bus to a 
7,000-amp bus was accomplished with an 
increase in copper from 27 Ib, to only 51.2 Ib 
per ft at the same time that external condi- 
tions became decidedly more unfavorable. 

Ordinarily in new station design most 
of the magnetic problems encountered in 
this installation could be avoided. How- 
ever, it is only through the experiences as 
described by the authors on such necessary 
modifications in existing plants that the 
necessary precautions can be foreseen and 
provided. 


O. R. Schurig: The authors have pre- 
sented data on a-c resistance and tempera- 
ture rise of a compact form of double- 
channel copper bus carrying up to 7,000 
amp, and have contributed new data per- 
taining to the heating due to currents in- 
duced by a-c buses in nearby structural steel 
members, both bare and embedded in con- 
crete. Earlier researches established cer- 
tain fundamentals and empirical rules 
based on tests at currents up to 5,800 amp. 
(Temperature Rise and Losses in Solid 
Structural Steel, O. R. Schurig and H. P. 
Kuehni. A.I.E.E. Trans., v. 45, 1926, p. 
184.) The present authors have not only 
extended the range of current, but have also 
presented comprehensive test data on iron 
heating due to 3-phase circuits, together 
with data pertaining to the design of copper 
short-circuit loops and grids for reducing 
the temperature rise in the steel members. 

While the authors were primarily con- 
cerned with obtaining design information 
for a specific installation, their data on heat- 
ing of steel and on means of preventing ex- 
cessive temperatures in structural members 
covered a variety of conditions and will 
therefore be of value to others facing similar 
iron heating problems. 

The skin effect resistance ratio of the 
special channel sections of approximately 
1/.-in. wall thickness in the double-channel 
hollow-square arrangement was 1.60 for 
the 6-in. channels, and 1.52 for the 8-in. 
channels at 60 cycles (based on data re- 
ported in Table I on p. 996 and on p. 998. 
Tubular conductors of corresponding di- 
mensions would, as the authors point out, 


have somewhat lower skin effect, but would 
not necessarily run cooler than the channel 
structure unless effective internal ventila- 
tion were used. 

The authors point out that the optimum 
wall thickness for a copper tubular con- 
ductor is approximately 1/2 in., meaning that 
for a given outside diameter of tube, the 
one having a wall 1/.-in. thick will have a 
lower 60-cycle resistance than other tubes 
of the same outside diameter but having 
thicker or thinner walls. In other words, 
the tube with a 1/2-in. wall will carry more 
current for a given temperature rise than 
other tubes of the same outside diameter. 
It will be remembered, however, that the 
amount of copper used in the tube of !/5-in. 
wall will carry more current for the same 
temperature rise if built into a tube of 
larger diameter with a thinner wall. 

If the same consideration is applied to 
the double-channel conductor it will be 
concluded that the channel of 1/2-in. 
thickness does not use the copper as eco- 
nomically in respect to current carrying 
capacity as a larger channel with a thinner 
wall employing the same amount of metal. 
Unless, therefore, space is extremely limited 
and minimum over-all dimensions of channel 
structure are required, a channel of less 
than !/-in. thickness will be the more eco- 
nomical in respect to the amount of metal 
needed to carry a given current at a given 
temperature rise. The actual thickness of 
channel to be selected will then be governed 
by such factors as mechanical strength and 
stiffness of channel beam structure, rolling 
limitations, and size and cost of clamps and 
fittings for supporting the structure. 

It would be of interest to know how much 
the temperature rise of the channel bar 
structures would be increased due to prox- 
imity effect if the phases were in horizontal 
spacing, say 380 in. apart. 

In Fig. 1 the clearance between the 2 
channels forming the hollow square is 
shown as 5/gin. Did the authors determine 
how the current carrying capacity is affected 
by varying the clearance? 

The interpretation and analysis of the 
data on inductive heating presented by the 
authors would be materially aided if a mag- 
netization curve and resistivity data for 
the various steel members tested were 
available. 

The temperature distribution curves 
shown in Figs. 3, 4, and 6 of the paper for 
various iron members crossing at right 
angles to a 3-phase circuit show clearly that 
the steel member has its highest tempera- 
ture peak opposite one of the outside phases 
while the temperature opposite the other 2 
phases is lower, the difference being as 
much as 25 per cent. Moreover the maxi- 
mum temperature in the beam is shifted 
to the other outside phase when the phase 
rotation of the current is reversed. Since 
the explanation of the unsymmetrical heat- 
ing is not an obvious one, the problem will 
be briefly discussed. 

As a first approximation one might con- 
sider the beam replaced by 3 closed secon- 
dary loops, one under each of the phases, as 
in Fig. 6a. The voltages induced by the 
primary currents in the outside loops will 
then be found to be equal in magnitude but 
somewhat larger than that induced in the 
loop under the middle phase. These volt- 
ages would then induce circulating currents 
of equal magnitude in the 2 outside loops, 
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though the center loop would carry a smaller 
current since the average distance be- 
tween this loop and the return conductors 
A and C is smaller than that for the outside 
loops. 

It is seen that this analysis is far too rough 
to give even approximate results since it 


group is 932 amp or about 13 per cent 
higher than the largest current in the phase 
C group, which is 822 amp, although on the 
basis of symmetry alone equal current com- 
ponents would be expected. 

In Fig. 9 of the paper the authors have 
shown that the maximum temperature rise 
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Fig. 6b. Secondary loops formediby parallel mem- 


bers of each conductor 


Fig. 6a. Closed secondary loops 
under each phase 
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Fig. 6c. Illustration of unsymmetrical current division 


does not take into account the voltages 
induced in each of the secondary loops by 
the circulating currents flowing in the other 
secondary loops. If, then, calculations of 
circulating currents are made taking into 
consideration the voltages induced in the 
secondary loops by all secondary currents 
as well as by the currents in the 3 buses, un- 
equal currents will be obtained in ithe 
secondary loops under the outside phases. 

A complete analysis of eddy current heat- 
ing in the beam would of course involve 
considering induced currents in the iron due 
to both axial and transverse fluxes. Sucha 
study will not be made at this time. 

However, attention will be called to a 
related problem on which test data are avail- 
able, namely, that of unsymmetrical heat- 
ing and current flow in balanced 3-phase 
buses having 2 or more parallel conductors 
per phase. The multiple bar conductor 
like the iron beam has secondary short cir- 
cuit loops linked by fluxes due to the 
currents in the 3 phases. Inthe multiple bar 
conductor the secondary loops are formed by 
the parallel members of each conductor, as 
indicated in Fig. 6b. 

In the case of 2 members per phase as 
shown in Fig. 6), there is a closed second- 
ary loop in each phase, and, unless the plane 
of the loop is perpendicular to the plane of 
the conductors, induced circulating currents 
will flow around the loops. In the figure, 
for instance, the current induced in any one 
of the loops such as phase A will be deter- 
mined by the voltages induced by the 
phase currents Jz and J¢ as well as by the 
circulating currents in the loops of phases 
Band C. 

The unsymmetrical current division is 
shown clearly in Fig. 6c based on measure- 
ments. It may be seen, for example, that 
the maximum current in the phase A 
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of a beam crossing a 3-phase circuit is less 
than that crossing a single conductor with 
return conductors remote, other things 
being equal. Likewise, the percentage 
differences between 3-phase heating and 
single-phase heating are shown to diminish 
with reduced spacing between conductors 
and iron members. The differences in 
question can be readily accounted for on the 
basis of the demagnetizing effect of the 
return conductors, which effect is present 
in the 3-phase arrangements shown but 
essentially absent in the single-conductor 
test with return conductor remote. More- 
over, the percentage differences can be 
numerically estimated by calculating the 
resultant air field intensities at the center 
of the iron members and applying the 
empirical rules given in the 1926 A.I.E.E. 
paper already referred to. 

The data presented by the authors in 
Figs. 16, 17, and 18 on reduction of induc- 
tive heating in various structural members 
by copper bands and grids indicate the 
effectiveness of the copper members, if 
properly applied, for lowering the tempera- 
ture rise in the iron. The copper bands and 
grids have to be of sufficiently large section 
to prevent overheating of the copper bands 
themselves. The authors’ data cover a 
sufficient range so as to permit selection of 
the proper members and their proper loca- 
tion in a variety of practical cases. 


V. R. Bacon: Before commenting on the 
discussion, I wish to call attention to 2 
omissions in the paper which should be 
corrected for the sake of completeness. 
The tests covered by Figs. 13 and 17 were 
made with 5,000 amp flowing in the con- 
ductors. This information was inadvert- 
ently omitted from the figures. 


O. R. Schurig amplifies and clarifies the 
authors’ reference to the !/2-in. optimum 
wall thickness for copper tubes and states 
that the interpretation of the test results 
would be simplified by a knowledge of the 
magnetic and resistance characteristics of 
the various steel members tested. The 
authors are in agreement with Mr. Schurig’s 
treatment of the reference to optimum wall 
thickness. No information was obtained 
on the magnetic and resistance characteris- 
tics of the steel, since such data were not 
pertinent to the purpose of the tests. 

Mr. Schurig also inquires concerning the 
variation of temperature rise with the spac- 
ing between buses and separation between 
channels. No tests were made to determine 
the effects of bus spacing or channel separa- 
tion, since space limitations were the pre- 
dominating influence in the bus design. 
However, some light on the effect of bus 
separation was contributed by F. R. Dallye 
in his discussion. His data are not strictly 
applicable to the sections tested by us, 
since the greatest increase of capacity found 
by Mr. Dallye corresponded to a separa- 
tion providing a square formation. Separa- 
tion of the copper channels beyond 5/3 in. 
would have produced an oblong-shaped bus, 
which would have destroyed the symmetry 
with probably undesirable current distribu- 
tion and consequent heating. 

W. H. Hanna is interested in knowing the 
air velocities necessary to keep the bus cool 
and the effect of such cooling on the tem- 
peratures of nearby structural steel. Healso 
inquires concerning the relative permeabili- 
ties and resistivities of the carbon and silicon 
steels tested. 

No information on air velocities is now 
available since no tests were made and the 
design of the ventilating system has not yet 
been started. Data on the magnetic and 
electrical properties of the 2 steels were not 
obtained since the tests showed them to be 
unimportant as affecting the immediate 
problem. 

The mathematical discussion contributed 
by H. B. Dwight probably accounts for a 
part of the temperature difference observed 
where a steel member crosses a 3-phase bus 
but his calculations would indicate lower 
temperatures in the middle phase than in 
either of the 2 outside buses, with expected 
lower temperature of the steel member at 
this point. This was not confirmed by tests. 
The effect of an interposed copper plate in 
reversing all relative temperatures of the 
outside points does not obviously follow 
Mr. Dwight’s explanation. 

The explanation of the shift of tempera- 
tures with phase reversal as given by L. A. 
Kilgore is logical, but we are not convinced 
that it contains the explanation in the case 
of the copper plate interposed between the 
bus and steel member. 

Mr. Kilgore asks if the amortisseur bars 
were installed parallel to the isolated phase 
buses. No amortisseurs were installed 
along the main isolated phase buses during 
the tests described. The amortisseurs were 
in place only along the generator lead runs 
from the generator terminals to the isolated 
phase buses. These runs constitute a flat 
3-phase system from the generator to the 
first or lower bus. Above the lower bus the 
amortisseur, with its end short circuited, 
forms 2 large open loops. Amortisseurs 
parallel to the main buses were not con- 
sidered necessary because of the large 
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clearance between the buses and nearest 
conduits. Where structural members cross 
the main buses at right angles with close 
clearances, the steel is protected by short- 
circuited bands. 

Mr. Kilgore brings out the fact that an 
amortisseur grid must carry material values 
of current in order to provide protection. 
This was confirmed in the field tests, where 
the cross section of the amortisseur grid 
was increased in order to avoid excessive 
losses in the amortisseur conductors. 

The method of testing for resistance, 
as outlined by Messrs. Gorman and Forbes, 
is entirely logical but it would have in- 
volved a greater expense for testing equip- 
ment than was warranted. The limited 
background of this method of testing would 
render it open to the same objection as 
miniature tests; at least superficial con- 
firmation would be required on full-sized 
sections. 


A Survey of 


Hydroelectric Developments 


Discussion and closure of a paper by the 
A.1.E.E. subcommittee on hydroelectric sur- 
vey published in the June and July 1934 
issues, p. 988-93 and 1086-94, and pre- 
sented for oral discussion at the power genera- 
tion session of the summer convention, Hot 
Springs, Va., June 29, 1934. 


A. F. Bang: Mr. Karpov and his commit- 
tee are to be congratulated on the vast 
amount of statistical information presented 
on hydroelectric developments the world 
over. Much of the information is entirely 
new and the whole, it is believed, forms a 
more complete survey than any similar 
compilation yet published. Note in par- 
ticular the interesting maps, Figs. 1 and 2, 
and accompanying tabulation of all major 
North American hydroelectric develop- 
ments. 

In our day with the continuous agitation 
for the development of our water power 
resources as a general panacea, and for doing 
this with public money almost regardless of 
whether the development is economical or 
not, it is highly instructive by means of such 
a survey to see water power—important as it 
is—being put in its proper place in relation 
to other sources of power and fuel. Take, 
for instance, Tabulation 2, which shows 
that in 1929 (the last year recorded) there 
was more animal power available in the 
United States of America than water power 
and over 110 times as much automobile 
horsepower. And if you consider this 
statement misleading due to the fact that 
water power largely is operating day and 
night and therefore produces relatively more 
energy than the other sources of power, take 
Tabulation 1, which shows that of the 
amount of energy produced in the world in 
1927 from all sources, only 5.1 per cent was 
by water power. Such information is, in- 
deed, surprising to many and would seem 
to warrant the continuation of such studies 
as presented here. 

In his remarks introducing the statistical 
material, Mr. Karpov gives a somewhat 
sketchy outline of the main features that 
influence the economical development of 
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water power. In one of his first paragraphs 
he points out that in several industries, 
notably electrochemical industries, the 
cost of power is such a large item that it may 
be economical to regulate the demand of 
power in accordance with the available 
supply of hydroelectric energy and gives 
several interesting examples of this. These 
cases, I believe, are rather exceptional. 
Usually, of course, industry demands con- 
tinuous service in the quantity required 
whenever there is a demand for their own 
product. Mr. Karpov also stresses the 
influence of interconnections of utility sys- 
tems on the economic development of 
water power. This is, undoubtedly, cor- 
rect. The higher load factor obtainable in 
periods of high flow and the higher peak and 
stand-by service obtainable in periods of 
low flow of an unregulated river makes it 
economical to develop a greater part of the 
river flow when connected to a large system. 
An example of this can be had in the 
various developments on the Susquehanna 
River. Here 4 major plants were built 
from 1904 to 1931, as shown in Table I of 
this discussion. 


Table I—Susquehanna River Developments 


River Flow 
Corresponding 
Start of to Ultimate 
Name Operation Plant Capacity 
Work avert. is: si. M904 SS cee 12,000* 
Holiwood tr -ceriessis LOO eer es 30,000 
Conowingo.......... LO 28 cnusterctveet 70,000 
Safe Harboris.:...0: LOSL AE ests ete 96,000 


*Later by replacement of turbines increased to 
about 20,000 cfs. 


All these plants have installed capacity 
several or many times the minimum river 
flow, but the interesting fact is that, al- 
though on the same river with the same 
available river flow, each successive plant 
was built for a larger ultimate utilization of 
the river flow, as illustrated in the tabula- 
tion. The cause is, no doubt, the changes in 
load available and visualized by the de- 
signers as time progressed. 

One feature brought out by Table X1 is in- 
teresting; namely, that so many hydroelec- 
tric plants in the United States are now from 
20 to 30 years old, and apparently still going 
strong; this brings out the well-known 
sturdiness of the hydraulic turbines and the 
relatively slow obsolescence of the plants, 
which is one of the great economical advan- 
tages of such developments compared with 
other sources of energy. 


J. B. Crane: In these days, when the 
theorists and economists are trying to run 
the country, it is quite essential that they 
have some basic facts to work on and our 
engineering societies can supply them 
without fear of being accused of spreading 
propaganda. Mr. Karpov and the sub- 
committee are to be congratulated on the 
preparation of this report and it will prove of 
importance to a great many interests. 

The paper not only gives a condensed and 
very clear outline of the present status of 
hydroelectric developments, but also shows 
the part such developments take in our 
present economical system. From the data 


included in the survey it is clear that at 
present in the world as a whole and par- 
ticularly in the United States the energy re- 
quirements are very manifold and extensive. 
These energy requirements are supplied by 
a number of sources. The combined energy 
drawn from all these sources is the base on 
which our present civilization is built. 
No one of the single sources of energy in it- 
self can be considered of major importance. 
The diagram, Fig. 1, shows the relative 
importance of some of the energy sources. 
The prime mover capacity per capita of the 
different prime movers in the United States 
is shown from the years 1869 to 1929. So 
far as water power is concerned, not only 
the relatively small prime mover capacity 
per capita is to be noticed, but also the 
very slow increase of the per capita capacity 
as compared with the increase in the per 
capita capacity of prime movers in auto- 
mobiles. The part of the total available 
prime mover capacity covered by water 
power is decreasing with surprising rapidity. 

In Fig. 1 of the survey is shown how 
localized the developed water powers are, 
so that probably considerably less than one 
quarter of the area of the United States can 
be considered within the area influenced by 
the present developments and any possible 
in the future. 

The tendency to consider water power as 
one of the major energy sources is based on a 
misinterpretation of the actual conditions. 
Water power, although localized, is impor- 
tant, but toa much smaller extent than many 
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other energy sources. It should be realized 
that no matter what efforts will be made the 
water power in the United States never can 
be expected to cover more than 5 per cent 
of the total energy requirements. 

Figure 2 of the survey is of considerable 
interest, making clear the relative impor- 
tance of the different drainage basins in 
North America and indicating the future 
power possibilities of the northern part of 
Canada. The fact that the St. Lawrence 
River drainage basin shows a larger aggre- 
gate development than the whole Pacific 
Coast, and the large total horsepower de- 
veloped on the Atlantic Coast, are rather 
surprising. 

The high state of present development of 
the south eastern part of the United States 
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in which the Tennessee Valley Authority is 
starting its operation indicates that this 
section of the country has done pretty well 
for water power supply even without govern- 
ment financed developments. 

The method used in the survey to collect 
information on the aggregate horsepower 
capacity of all hydraulic turbines manu- 
factured in the world should be com- 
mended. In no other way would it be pos- 
sible to give such a complete picture of the 
relative importance of the different develop- 
ments. That during the 5-year period 1928 
to 19382 the medium head developments 
are still responsible for over 80 per cent of 
the developments in the United States and 
Canada and over 66 per cent in the whole 
world indicates that the Francis turbine, in 
one form or other, probably for many years 
yet to come will be the leading turbine of 
the world. 

I hope the work of the committee can be 
extended to cover India and South America, 
where we have members of the Institute who 
have lived in those countries for many years 
and have there been identified with the 
hydroelectric developments, and I know will 
be glad to coéperate in every way possible. 


A. V. Karpov: In connection with the 
diagram given in J. B. Crane’s discussion, 
it is of interest to form a general picture of 
the importance of power in our present 
civilization. 

Diagram, Fig. 2, shows the prime mover 
horsepower capacity per capita in United 
States, Europe, and mainland of Asia since 
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sities of life. The first traces of advance- 
ment from the animal state are to be found 
when, due to tribe organization, the head of 
the tribe managed to put at his disposal the 
prime mover capacity of other members of 
the tribe. This gave him the opportunity 
to devote part of his time and energy to 
creative work, and laid the foundations of 
human civilization. For many thousands 
of years afterward the progress made by 
humanity was due to one kind or another of 
feudal system or slavery by means of which 
large prime mover capacities were put at 
the disposal of a few. Such organization 
did not increase the total amount of power 
at the disposal of mankind. The utiliza- 
tion of wind power and the introduction of 
work animals were the first and very timid 
efforts to increase the per capita prime 
mover capacity at the disposal of man- 
kind. The Mongol rule of nearly 400 years’ 
duration was based on an increase of prime 
mover capacity per capita due to very ex- 
tensive use of horses. 

From a modern point of view this increase 
of prime mover capacity per capita was very 
insignificant but at that time it was suf- 
ficient to create a domination by the Mongol 
races, which so far as the areas and the per- 
centage of the total population of the world 
were concerned never was repeated. 

About the beginning of the nineteenth 
century, after the human race had existed 
for a period of about 30,000 years, the condi- 
tions began to change radically in some 
parts of the world. Until that time there 
was no noticeable difference in prime mover 
capacity per capita in any part of the 
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Fig. 2. Prime mover horsepower capacity per capita in United States, 


Europe, and 


mainland of Asia since the year 1000 A.D. 


the year 1000 A.D., and gives an en- 
gineering representation of the cultural 
development of mankind during that time 
period. The data pertaining to the United 
States are fairly accurate. The data per- 
taining to Europe and Asia are less reliable 
and must be considered as reasonable esti- 
mates. 

At the dawn of mankind, the amount 
of power represented by the human body 
was so nicely balanced that all the energy 
available had to be spent for the bare neces- 
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world. The work animals were the main 
source, the water and wind power next. 
The prime mover capacity of thermal 
movers started to enter into the picture 
with such rapidity that it is necessary to 
draw the diagram on a logarithmic scale to 
visualize the picture. 

The curves of prime mover capacity per 
capita between the year 1800 and the 
present time represent the differences in the 
average state of civilization in the different 
parts of the world. At present the United 


States is in a stage of development that 
could not be predicted even 50 years ago. 
The prime mover capacity per capita is 
increasing with an amazing rapidity, in- 
dicating clearly the changes taking part. 
Europe follows at a much reduced rate. 
The mainland of Asia is stationary or even 
may be going backward. 

The aggregate horsepower capacity of 
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Fig. 3. World production of hydraulic tur- 
bines, 1928-32 inclusive 


hydraulic turbines manufactured in the 
world mentioned in Mr. Crane’s discussion 
is illustrated on the diagram, Fig. 3, which 
makes clear the tendencies during the past 
five years in Europe, United States and 
Canada, and Japan. 

The conclusions drawn by Mr. Bang are 
of very considerable interest and impor- 
tance. His table of the Susquehanna River - 
developments gives the best illustration of 
the present tendency to improve the utiliza- 
tion of the available water flow. 


Calibration of 
the Sphere Gap 


Discussion and author's closure of a paper by 
J. R. Meador published in the June 1934 
issue, p. 942-8, and presented for oral dis- 
cussion at the instruments and measurements 
session of the summer convention, Hot Springs, 
Va., June 29, 1934. 


P. L. Bellaschi (Westinghouse Elec. and 
Mfg. Co., Sharon, Pa.): The recent 
contributions and discussions on the cali- 
bration of sphere gaps reveal the many 
aspects of this important subject. The 
writer wishes to discuss in particular certain 
interesting empirical relationships on the 
sparkover voltage of sphere gaps. 

The following empirical expression can 
readily be derived from experimental data 
presented in a published article. (‘Im- 
pulse Calibration of Sphere Gaps,” P. L. 
Bellaschi and P. H. McAuley. The Elec- 
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tric Journal, June 1984. Mr. Vogel had 
previously established a similar graphical 
relationship from 60-cycle data. See his 
discussion, p. 1658, for the 60-cycle cali- 
bration of sphere gaps.) For a given ratio 


sparkover voltages as given by eq 3 with 
the actual experimental values given in 
“Table II—Recommended Sphere Gap 
Calibration ... .” of the paper previously 
referred to. 


Table I—Comparison of Sphere Gap Negative and 60-Cycle Sparkover Voltages From Eq 3 
With Experimental Values 


Sphere diameter, cm 


S/D 12.5 25 50 100 200 

Eq Exp Eq Exp Eq Exp Eq Exp Eq Exp 
Oe4 es seces ND Tiss ote cos 126 ii3 cists 242 535 on ZOD nares BBG sito dave se 8500s. oer hiB moon UO20 eine 1,630 
ORG rrevelers'e 164..... 165..... BOS mies Bets Boe Oidiites OC One nan OTA scree 1,080 sce PNUD ais & 2,004 
ORS crerctetsieit LO Omretatcreistvarste ta SO Lies. :6- SOOs react 663)... OOd es 2308s cae 1e23 2s 2 ZOO se ererers 2,256 
MO s\0ise PAY (aks rang Cable ned 402..... 395n.4)01¢ (Rois Seco oe 1ES40 035.4 15340520: 2420 Fraeie 2,430 


Eq = Equation 3. Exp = Experimental values. 


of sphere gap spacing S to sphere diameter 
D, the ratio of sparkover voltage E to sphere 
gap spacing S can be expressed mathe- 
matically as: 


V 

= =A — Blog D (1) 
S) 
where A and B are coefficients that are 
evaluated in the following from the ex- 
perimental data. This linear relationship 


V 
between c and log D holds in particular for 


sphere gaps of sphere diameters, ranging 
from 12.5 to 200 cm. Inasmuch as the 
negative impulse and the 60-cycle flashover 
voltages of sphere gaps are substantially 
alike, the following analysis is for the 
present confined to the negative impulse 
and 60-cycle flashover voltages. 

The coefficients A and B for various 
values of S/D can readily be evaluated 
from the experimental data referred to. 
We have with a good degree of approxima- 
tion: 


S/D A B 
ON. he is Bisto 6,010 Ose Be S)b 0 6 a0 40cS6ae 4.4 
Ong acoonoades SEO osc oD ObdOn 4.4 
Busts oot.coKr 6 SLi Ogemeter ancestors fale = 4.4 
Ee ee Garign oe UPB bigaonoo a0 4.4 
ONO. cocoanoaoe PAIRS Bick CODON OS 4.4 
ONS5 6.6 wore 06 WY aaron s00K0 4 4.4 
in O seers tatsllehey ete leis PPA PIES O.8 CoO ODO OO 4.4 


Substituting in eq 1 the term A asa func- 
tion of S/D the equation becomes 


z = £ (S/D) — 4A logwD (2) 


From a practical standpoint, the next step 
would be to establish £S/D as a simple 
mathematical function. Plotting A against 
logioS/D we thus obtain Fig. 1 of this dis- 
cussion. We note the linear relationship 
from S/D = 0.4 to 1.0 inclusive and ac- 
cordingly between these limits A can be 
expressed as: 


A = 22.2 — 20.3 logioS/D 
Equation 2 then becomes 


V = (22.2 — 20.3 logioS/D — 4.4 logioD) (3) 


Table I of this discussion compares the 
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The agreement between the simple re- 
lationship given by eq 3 for the sphere gap 
sparkover voltage and the experimental 
data is good. The general relationship for 
sphere gap sparkover which is valid for all 
spacings is given by eq 2, where S/D is 


ee Se SE 
eae 
NHI 
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Fig. 1. Curve of coefficient A as function 
of $/D 


evaluated from Fig. 1. The above rela- 
tionships, which are derived from the ex- 
perimental data, suggest the possibility 
of deducing the sparkover voltage of the 
sphere gap directly from fundamental con- 
siderations. At any rate, the sparkover 
data now made available should encourage 
studies of the kind. 


P. L. Bellaschi and Wm. L. Teague (both 
of Westinghouse Elec. and Mfg. Co., 
Sharon, Pa.): Since the adoption of the 
sphere gap as a voltage measuring device 
2 decades ago, the calibration of sphere gaps 
has been questioned frequently. With the 
advent of impulse testing the inadequacy of 
the sphere gap became manifest and subse- 
quently it was possible to measure the in- 
accuracies involved in the present calibra- 
tions. An inherently fundamental method 
of impulse voltage measurement was de- 
veloped at the Trafford laboratory in 1928 
and in 1931 it was adopted at the new 
Sharon laboratory. Since the develop- 


ment of this fundamental method has con- 
tributed preponderantly to the correct 
measurement of impulse voltages, we wish 
to point out its essential features and also 
to compare the results obtained by this 
method of measurement for the calibration 
of sphere gaps on surge voltages to the data 
obtained by the method as outlined by 
Mr. Meador. (‘‘Impulse Calibration of 
Sphere Gaps,” P. L. Bellaschi and P. H. 
McAuley. The Electric Journal, June 1934. 
See also ‘Better Standards Needed for 
Surge Testing,” F. D. Fielder. Electrical 
World, Sept. 30, 1933.) 

This fundamental method of voltage 
measurement makes use of a resistance 
divider and a cathode ray oscillograph 
with accurately calibrated voltage plates. 

The resistance divider consists of a 
noninductively wound low stray capacity 
oil-immersed resistor connected to a low-loss 
lead-covered cable which is terminated by a 
resistance equal to the cable surge im- 
pedance. The terminal resistance is lo- 
cated at the oscillograph and the deflecting 
plates are connected across the resistance. 

Extensive laboratory studies (‘‘The Meas- 
urement of High-Surge Voltages,” P. L. 
Bellaschi. A.I.E.E. TRraAns., v. 52, June 
1933, p. 544) and experience have es- 
tablished the full reliability of the resist- 
ance divider. Direct comparison with the 
capacity divider has furnished convincing 
experimental evidence of its performance. 
The division of voltage is accomplished 
with strict proportionality and inappreciable 
distortion of wave form. 

The oscillograph deflecting plates are 
calibrated on continuous voltages measured 
with either a conventional voltmeter or a 
D’Arsonval type milliammeter in series 
with a standard resistance. The continuous 
voltage supply must be smooth and free 
from ripples. 

The sensitivity of the oscillograph de- 
flecting plates remains essentially constant 
but frequent calibration and careful con- 
trol of the cathode voltage minimize natural 
oscillograph errors. Table II gives the 
positive and negative voltage sensitivity of 
one of the cathode ray oscillographs. The 
sensitivity calibrations were made under 
identical conditions and over practically 
equal intervals of time during the period of 
one year. These calibrations indicate the 
full reliability of the cathode ray oscillo- 
graph when proper care is taken in its use. 

For the calibration, the sphere gaps were 
set up to conform as nearly as possible 
with the A.I.E.E. requirements of Standards 
No. 4. The surge generator was carefully 
adjusted to give a smooth wave form, free 
from superimposed oscillations. The gen- 
erator voltage was increased in small in- 
crements until sparkover of the sphere gap 
would occur approximately 50 per cent of 
the time, then several oscillograms for this 
voltage setting were taken. The average 
value of the voltage as scaled from these 
oscillograms gave the calibration for the 
particular gap and spacing used. This 
measured voltage was corrected propor- 
tionately to the relative air density to 
obtain the equivalent sparkover voltage 
at the standard condition of 25 deg C and 
760 mm pressure. No measurable varia- 
tions in the sparkover of sphere gaps with 
change in humidity were detected. 

For a given gap setting, successive meas- 
urements of the voltage seldom deviate 
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from each other more than 1 to 2 per cent 
as indicated in published data. Repeated 
calibrations at different times with all 
conditions reproduced as closely as possible 
may deviate on the average 2 to 3 per cent. 
Since the accuracy obtained from the 
resistance divider and cathode ray oscillo- 
graph method is within 2 per cent, this 
indicates a possible variation in sphere gap 
performance greater than that in measure- 
ment. 

Sphere gap calibrations for the 6.25, 12.5, 
25, 50, 75, 100, 150, and 200-cm sphere gaps, 
based on the resistance-divider method of 


Table II—Calibration of Cathode Ray Oscillo- 
graph Voltage Plates 


Positive Negative 
Voltage Voltage 
Sensitivity, Sensitivity, 
Volts per Volts per 
Calibration Inch Inch 
No. Deflection Deflection 
Ve Me iancters rates iets SE Sete PRRs are acts 790 
SD Merve ote fase SA Oa eran cent aceors 790 
Dike vaste. SAO rec atele ciate 790 


voltage measurement, are given in detail 
in the first reference given. A comparison 
between the Westinghouse and the General 
Electric companies’ recommendations is 
given in Table III of Mr. Fielder’s discus- 
sion. This comparison indicates a_ suf- 
ficiently close agreement for practical pur- 
poses between the 2 sets of data to enable 
an early revision of the present A.I.E.E. 
Standards No. 4. 

The method of impulse voltage calibration 
of sphere gaps adopted by Mr. Meador is 
based, first, on a correct calibration of the 
200-cm sphere gap to 60-cycle voltages up 
to 380-cm gap spacing; second, on the 
extrapolation of the 60-cycle calibration of 
the 200-cm sphere gap up to 50-cm gap 
spacing; and third, on the assumption, 
based on 60-cycle voltage polarity char- 
acteristics, that the 200-cm sphere gap 
calibration to impulse voltages ‘is inde- 
pendent of polarity and identical for both 
impulse and 60-cycle voltages up to the 50- 
em gap spacing. In this way Mr. Meador 
has calibrated the smaller sphere gaps by 
comparing them directly to the 200-cm 
sphere gap for both positive and negative 
impulse voltages. This method of impulse 
voltage calibration of sphere gaps is in- 
direct when compared to the straight- 
forward method using the resistance divider 
and calibrated cathode ray oscillograph. 
However, when carefully carried out, this 
indirect method is capable of good results as 
is indicated from the generally good agree- 
ment between the recommendations of the 
2 companies for sphere gap calibrations. 


J. E. Clem (General Electric Co., Schenec- 
tady, N. Y.): This paper by Mr. Meador 
should be of great value to the instruments 
and measurements committee in their 
study of impulse flashover and sphere gap 
calibrations. It also has what might be 
termed a by-product which should be of 
considerable interest to the operators. Mr. 
Meador has shown that the calibration 
curves previously in use have indicated too 


1654 


high a voltage. When the new calibration 
curves are used for insulation testing, a 
greater spacing will be used for the same 
indicated voltage, thus imposing a test on 
the equipment higher than that previously 
given. This will mean that the operators 
will be getting better equipment when the 
new calibration curves come into general 
use. 


F. D. Fielder (Westinghouse Elec. and Mfg. 
Co., E. Pittsburgh, Pa.): The calibration 
of sphere gaps is important because some 
laboratories have continued to base impulse 
data on sphere gap measurements. In 
addition, 60-cycle flashover values have 
been based on sphere gap calibration data. 
Apparently some of the A.I.E.E. sphere gap 
standards have been in error, as well as 
many of the calculated sphere gap calibra- 
tion curves above the range covered by the 
A.LE.E. standards. It is important to 
revise the present standards, and to ex- 
tend their range as soon as satisfactory 
agreement can be reached. 

The Westinghouse Company has been 
studying the characteristics of sphere gap 
calibrations for the past 2 years. Early 
results were presented in discussions at the 
A.I.E.E. 1933 winter convention, and later 
more complete data in the form of calibra- 
tion curves were published in Electrical 
World for Sept. 30, 1933. Since then the 
data has been checked and extended, re- 


Table II|—Comparison of Westinghouse and 
General Electric Data 


Positive Negative 

Max. Avg. Max. Avg. 
Gap Size, Diff., Diff., Diff., Diff., 
Cm % % % % 
DOOM Poe serch AR Tame tee eee: § Bene Diare areie 1.6 
*200 On lene sneO ESE Gee Les: 
100% Pareerreee de Seren Uren sardlalincaa ALG) 
VAT Sey eerceaees LEO ater bE De Sie ties 1.8 
BOL apiteni. A5G; eee waders 3.3 
DOW Maictacis + aii D Sars co emrenee WO rises ONO 
PLD jp OMe reheters rte nt Meee sOloiare kee aa aee eee: 
16.25 cess ID aikerees SOs yer Bao ao 3.1 


* Based on extrapolated values. 
} Spacing up to 1/2 diameter. 


sulting in a complete presentation in 
The Electric Journal, June 1934. Briefly, 
the methods used involved an individual 
calibration of each size of gap by means of 
the cathode ray oscillograph and resistance 
divider, a cross check of results among 3 
different laboratories, a further cross check 
by a direct comparison between gaps of 
different sizes,” and finally an analytical 
development of the data. Reducing all 
results to a common basis with gradient 
curves decreased probable errors of measure- 
ment of individual points. As a result a 
complete table of recommended calibration 
curves of sphere gaps from 6.25 to 200 cm in 
diameter has been presented. 

Since this paper also presents recom- 
mended calibration points for nearly all the 
standard sizes of sphere gaps, it is now 
possible to make a direct comparison be- 
tween the Westinghouse and General 
Electric companies’ recommendations. 
Comparison was made by noting the 
difference between each value as shown in 


Tables III to IX and the corresponding 
Westinghouse value as shown in The Electric 
Journal, June 1934, p. 231. The maximum 
differences and the average differences are 
shown in Table III of this discussion. 

In general the agreement is good. The 
large percentage errors for the 6.25-cm 
sphere are caused by differences of only 2 
kilovolts at low spacings. The large 
error in the 200-cm data is undoubtedly 
due to the methods of extrapolation, and 
would probably be reduced by actual tests. 
Westinghouse data are higher than General 
Electric data for about half of the points, 
with the variation the other way for the 
other half. Specifically, however, the West- 
inghouse data for the 50-cm gap are in all 
cases higher, and generally higher for the 
75-cm gap. Westinghouse data are gener- 
ally lower for the 200-cm gap and for the 
25-cm gap. Particularly good agreement 
is found in the data for the 100-cm gap. 

It is evident that the data are sufficiently 
close for practical purposes. An average of 
the 2 sets of data will yield curves which are 
accurate within the range of the accuracy of 
individual measurements. For purposes of 
standardization, however, it may be desir- 
able to further study the data which are 
different by more than 2 per cent on the 
average. With the progress shown by the 
2 groups of results, it appears likely that 
A.I.E.E. Standards No. 4 can be revised at 
an early date. 


R. E. Hellmund (Westinghouse Elec. and 
Mfg. Co., E. Pittsburgh, Pa.): The data 
presented in Mr. Meador’s paper, together 
with those given by Messrs. McAuley and 
Bellaschi in the June 1934 issue of The 
Electric Journal and referred to in Mr. 
Fielder’s discussion, represent a marked 
advance in high voltage testing technique. 
The material given is the result of extensive 
investigations in a number of the best 
equipped high voltage industrial laboratories 
inthe country. Different methods of attack 
were used in the different laboratories, and 
in none of the cases can it be claimed that 
the methods employed were of sufficient 
accuracy for establishing an absolute 
primary standard. However, they are 
practical methods carried through with 
sufficient refinement to yield data accurate 
enough for most practical purposes. It 
must further be considered that aside from 
the testing methods, certain inaccuracies 
always enter into this work because of the 
fact that the relation of the spheres to sur- 
rounding and grounded objects cannot, in 
practice, be uniformly controlled. In view 
of all this, it is surprising that the results 
obtained are in such close agreement, and 
even better agreement undoubtedly can be 
obtained in the near future after some of the 
tests have been checked. 

In view of the close agreement then ex- 
pected, it would seem highly desirable to 
establish a new A.I.E.E. standard and to 
use as this standard the average of the 
results obtained in the various laboratories. 
Even with the average value of the present 
data, the following results will be accom- 
plished: 


1. Standard calibration curves for sphere gaps 
above 75 cm in diameter will be made available, 
filling a long felt need. Such curves will differ from 
the various data given here less than 1 per cent for 
spacings of less than 50 per cent of the sphere 
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diameter, and less than 2 per cent for spacings up 
to the sphere diameter. 

2. The new curves will be available for the smaller 
sphere gaps and will correct errors in the present 
A.I.E.E. curves which are in the order of 4 per cent 
for spacings up to 50 per cent of the sphere diame- 
ter, and as high as 9 per cent for larger spacings. 
These corrections are large enough to be of prac- 
tical importance and therefore are highly desirable. 
Again, it is found that for spheres of 25, 50, and 75- 
cm diameters the new curves would differ from the 
results of the different laboratories only about 1 per 
cent for spacings up to 50 per cent of the sphere di- 
ameter, and only in one case slightly over 2 per cent 
for the larger spacings. 

3. The test results have established definite rela- 
tions for surge testing with both polarities and indi- 
cate the desirability of carrying out most of the 
surge testing with spacings which are below 40 or 
50 per cent of the sphere diameters. Such practice 
will naturally reduce the influence of surrounding 
and grounded objects, which are bound to be some- 
what different in different laboratories. 


It is believed that with the data now 
available and the plan as suggested, sphere 
gap calibrations sufficiently accurate for all 
practical engineering work will be made 
available. Insulation testing with 60 cycles 
and surge tests can hereafter be carried on 
with considerable confidence in the accuracy 
obtained, which is a marked step forward 
over the condition prevailing only a year or 
2ago. Any calibration of greater accuracy 
can be considered only of scientific value 
and importance, and work along this line 
should be left to laboratories of scientific 
institutions. 


C. M. Foust (General Electric Co., Schenec- 
tady, N. Y.): Since its introduction some 
20 years ago the sphere spark gap has been 
a most important part of the equipment of 
every high voltage laboratory. As a 
method of measuring high voltages the 
sphere gap has advantages which are not 
present in other measuring methods. Some 
of these advantages are as follows: 


1. The simplicity of its construction permits the 
quick detection of defective arrangements. 

2. Because the sphere gap depends for voltage in- 
dication upon the breakdown of an insulating 
medium, usually air, its use provides an immediate 
comparison of the dielectric strength of any insula- 
tion being tested with the strength of air. This air 
breakdown between symmetrical electrodes and 
within a field of uniformly distributed potential 
gradients has been found to vary but slightly. The 
conditions of voltage application, such as polarity, 
frequency, and wave shape, should be known if the 
sphere gap is used for measurement purposes. 

8. The sphere spark gap measures directly all 
voltages at full amplitude. All the numerous 
problems involved in the design of an accurate and 
reliable voltage divider are eliminated by the use 
of the sphere gap. 

4. The sparkover of the sphere gap is visible and 
audible. For demonstrating relative insulation 
strength the sphere gap has advantages over other 
methods which require supplementary measure- 
ments of circuit constants or development of films 
before values are available. An immediate indi- 
cation of voltage level is obtained. 


The disadvantages of the sphere spark 
gap are quite as definite and important as 
the advantages. Among these disadvan- 
tages are the following: 


1. The unknown voltage must be repeated several 
times in making sphere spark gap measurements. 
2. The sphere gap indicates only crest voltage 
and gives no indication of time elements involved 
or wave shape. 

3. The sphere gap occupies considerable space, 
especially for high voltages. 

4. Temperature, pressure, humidity, and ioniza- 
tion conditions affect the flashover of the gap 
slightly. 


Other laboratory workers can undoubt- 
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edly describe additional advantages and 
disadvantages. As suggested in advantage 
2, the sphere spark gap is in reality a cali- 
brated insulation-breakdown device. Most 
measuring devices are based upon electro- 
magnetic laws common to other types of 
electrical equipment, but the sphere spark 
gap sparkover as an insulation-breakdown 
has an electrical mechanism which is not 
well understood. No fundamental elec- 
trical laws which have been tested and 
demonstrated are available upon which to 
base calculated sparkover voltages. 

The sparkover of the gap must be cali- 
brated directly and for such a calibration 
some reference or basic method of voltage 
measurement must be available. At power 
frequencies the transformer ratio method 
has been used and it appears that the early 
sparkover values actually obtained by 
test were not in great error. Where ex- 
trapolations were resorted to at higher 
voltage levels and for larger sized spheres, 
however, errors were introduced. Also, 
the assumption that surge voltage sparkover 
for either polarity took place at the 60-cycle 
crest value over the range of spheres and 
spacings calibrated has been shown to be 
in error. But such errors had to do with 
lack of suitable calibrating facilities, not to 
anything erratic in the behavior of the 
sphere spark gap. This point should be 
carefully considered in estimating the future 
value of the sphere gap. 

At present no absolute basis for sphere gap 
calibration on surges is available. It is 
quite possible to compare values obtained 
by sphere spark with those obtained by 
resistance divider and cathode ray oscillo- 
graph. Agreement between the 2 methods 
serves to establish confidence in results 
obtained. A great disagreement usually 
requires attention to and readjustment of 
the resistance divider and cathode ray 
oscillograph. The last named are com- 
plicated arrangements subject to a variety of 
difficulties and therefore must be given at- 
tention when they do not check the sphere 
gap. The method of calibrating the sphere 
gap wherein one sphere size is utilized as a 
reference basis has great value. However, 
much would be gained if a direct reference 
standard for surge calibration of sphere 
gaps were available. Lacking such a refer- 
ence it is quite possible that good calibra- 
tions can be obtained through low frequency 
flashover data, intercomparison of flashover 
on various sized spheres, and comparison 
of results with those obtained by resistance 
or capacitance dividers and cathode ray 
oscillograph. 

The practical laboratory man who must 
include a wide variety of kinds of surge 
testing in his daily work has no doubts con- 
cerning the value of the sphere spark gap. 
He cannot do without it. But he needs 
better calibrations and Mr. Meador has 
accomplished a worthwhile effort in assist- 
ing him to obtain them. 


G. D. Floyd (Hydro Electric Power Commis- 
sion of Ontario, Toronto, Can.): I would 
ask the author if he considered any alterna- 
tive method for measuring the voltage to 
that using the rectifier and d-c milliam- 
meter? It is very desirable when any 
calibration is made that the standard in- 
strument have an accuracy better than the 
one being calibrated, and, if possible, both 


should be connected directly in the same 
circuit. 

An instrument such as above described 
is available in Dr. Whitehead’s corona volt- 
meter. It reads the crest value of voltage, 
as does the sphere gap, it is connected 
directly in the same circuit as the sphere gap, 
and it has an accuracy, when properly and 
carefully used, several times that claimed 
for the sphere gap. The 6.25-cm and 
12.5-cem gaps could have been checked 
against an inexpensive type of corona volt- 
meter, and a calibration obtained against a 
standard dependent only on physical dimen- 
sions and air density. 

I hope that if such a check test has not 
already been made, it will shortly be under- 
taken. The use of the sphere gap as a 
simple and, within limits, reliable instru- 
ment fcr measurement of crest values of 
high voltage has been extended greatly 
within recent years, and it is very neces- 
sary that its accuracy of calibration be 
established definitely against a standard of 
proved and unvarying constancy. 


W. A. Hillebrand (University of California, 
Berkeley): Because of the urgent need for 
authoritative sphere gap sparkover volt- 
ages, the work of Mr. Meador and that of 
Mr. Bellaschi, as published in The Electric 
Journal for June 1934, is most welcome. 
The substantial agreement in results ob- 
tained by quite different methods is convin- 
cing proof of their accuracy. However, 
the differences, although relatively small, 
are important and it is to be hoped that 
they will be reconciled in the near future. 

The sample data sheet recorded in Table 
T of the paper shows a spread of 4.5 per cent 
in the observations recorded. Differences 
of this order are due, at least in part, to 
residual charges on the spheres, as pointed 
out by Mr. Meador, and also, possibly, to 
error in the assumption that the electric 
breakdown strength of air in bulk is suf- 
ficiently constant to constitute what 
amounts to a primary standard. However, 
as again indicated by Mr. Meador, the 
data were obtained under the conditions of 
practical use in order that they might be 
directly applicable to the average labora- 
tory.: 

In practice, the sphere gap is used to 
calibrate the testing transformer against the 
primary voltmeter. This means that, in 
making this calibration, there may be an 
uncertainty in any one reading of at least 
2.25 per cent. I would like to ask Mr. 
Meador how many observations he considers 
it necessary to take in order to establish a 
reasonable average for the primary volt- 
meter reading that should correspond to the 
flashover of a given sphere gap setting. In 
obtaining this average, is it not reasonable 
to disregard “‘strays’’ that depart widely 
from the mean? 


W. L. Lloyd, Jr. (General Electric Co., 
Pittsfield, Mass.): In Mr. Meador’s paper 
reference is made to the calculated sphere 
gap curves upon which the A.I.E.E. cali- 
bration curves of 1914 and 1928 were 
based. I would like to point out an inter- 
esting fact in connection with such calcula- 
tions. The formula for the sparkover 
voltage of the nongrounded sphere gap is 
(“Dielectric Phenomena in High Voltage 
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if 


where g, is the apparent strength of air, 
X is the length of the air gap, and f is a 
factor which is found from theoretical 
considerations to vary with the spacing X 
and the sphere radius R in the following 
manner (Dean, Physical Review, December 
1912 and April 1913, and G. E. Review, 
v. 16, 1913, p. 148. Peek, A.I.E.E. TRANS., 
v. 33, part 1, 1914, p. 928. See especially, 
Table VI on p. 930): 


g= tit (E41) +8) 


Values of f for different values of X and R 
are given in the lower curve of Fig. 2 of 
this discussion. Within the limits given 
in Mr. Meador’s paper these values of f 
are checked by measurements in the labora- 
tory. That is, the measured and calcu- 
lated values for the sparkover voltage of a 
given size and setting of sphere gap within 
the specified limits agree when the value of f 
as indicated by the theoretical formula is 
used. 

For the one side grounded sphere gap, 
however, the formula is: 


xX 


aes 


A 


in which the present theoretical formula 
for the factor f; does not apply. The 
theoretical formula given by Dean and 
Peek is 


AG fxs X\?2 

n= (at VG) +4) 

Values of f; for different values of X and R 
as indicated by this formula are given in the 
upper curve of Fig. 2, but these values are 
not checked by laboratory measurements. 
The values of f; required to be used to make 
measured and calculated values agree within 
the limits given in Mr. Meador’s paper are 
given by the middle curve of Fig. 2. No 
theoretical formula has been derived to fit 
this middle curve but Royal Meeker and the 
writer have written an empirical equation 
which gives the required values of f, in 
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terms of X and R for any size of grounded 
sphere gap. This formula is as follows: 


p= (eta t+ (R44) +8) 


The close resemblance of this empirical 
equation with the 2 theoretical formulas is 
striking. The theoretical reason for this 
would be interesting as the resemblance 
seems more than a mere coincidence. 


J. T. Lusignan, Jr. (Ohio Brass Co., Bar- 
berton): There are a few factors relating 
to sphere gap sparkovers which I should 
like to bring up in connection with Mr. 
Meador’s work. 

I would like to ask Mr. Meador if, in his 
work with sphere gaps, he has found a 
condition wherein the breakdown values for 
the first few sparkovers on a given sphere 
gap are appreciably lower than those 
obtained later during the same test. I 
believe that several previous investigators 
(Carroll and Cozzens, A.I.E.E, TRANS., 
January 1929, p. 1) have found this sphere 
gap behavior. It has generally been at- 
tributed to a surface condition of the 
spheres rather than to anything in the 
intersphere space. I believe that in some 
cases this has occurred even though some 
care had been taken to clean the spheres 
beforehand. My reason for bringing this 
up here is that I feel some mention should 
be made in any revised sphere gap testing 
standards in regard to the care necessary in 
preparing sphere surfaces for sparkover 
measurements. Undoubtedly, more or less 
of an attempt is made in all laboratories to 
clean sphere electrodes before their use, but 
some sort of an authoritative statement in a 
sphere gap testing standards, giving the 
necessary surface preparation, would be 
of value. This would tend to eliminate er- 
roneously low sparkover values when tests 
are being made to meet customers’ specifi- 
cations. Often the customers’ inspectors 
take cognizance of such low values, par- 
ticularly when only a few measurements are 
made, so that there should be some stand- 
ardized procedure which will prevent such 
low values, or else allow them to be cor- 
rected for if they are inevitable. 

As Mr. Meador states, the existence of a 
polarity effect in sphere gaps has been 
known for some time. Dr. Reukema gave 
an interesting theoretical analysis sug- 
gesting the reason for this polarity effect in 
sphere gaps in a discussion published in the 
A.J.E.E. Trans., January 1929, p. 257. 

In calibrating the high voltage trans- 
former sets at our Barberton laboratory we 
have found appreciable inconsistencies when 
plotting the voltage values obtained with 
different diameters of the spheres, using 
the recognized sphere gap calibration curves. 
As a ruie, the larger the spheres the lower 
would be the measured values on the 
high voltage side for a given voltmeter coil 
reading. It seems that this might be 
caused by 2 factors: first, curves from 
theoretical calculations do not take into 
account the probability of more impurities 
being present on the surfaces of and in the 
space between large spheres than would be 
the case with smaller spheres; second, the 
stored condenser energy for energizing ap- 
proaching streamers would be greater in the 
case of the larger spheres due to their 


greater electrode areas and shorter spacings 
for the same voltage settings. 

The polarity effect present in sphere gaps 
is inherently due to the asymmetrical 
electrostatic field introduced as soon as 
one sphere is grounded. Obviously, the 
greater the clearance of the spheres from 
the ground the less the field dissymmetry. 
For this reason any new standards for 
sphere gap testing should specify ample 
clearances, particularly for the larger sphere 
gaps. It is possible that some of the 
differences now found among 60-cycle in- 
sulator flashover measurements of various 
laboratories may be due to the fact that 
voltage calibrations are taken with sphere 
gaps mounted in different manners. For 
example, the polarity effects of the same 
size of spheres mounted in a frame, hung 
from a roof, and supported out from a wall 
may all be sufficiently different to cause 
appreciable variations in flashover measure- 
ments on the same type of insulators having 
consistent polarity characteristics. 


K. B. McEachron (General Electric Co., 
Pittsfield, Mass.): To measure high volt- 
ages accurately requires some form of 
measuring device which can be calibrated 
with reasonable accuracy. As the paper 
indicates, the calibration of a sphere gap 
cannot be accomplished by direct means 
in the present state of the art, and must 
necessarily be accomplished through the 
use of some method of triangulation. 

The sphere gap is convenient to use, and 
for many laboratories which are not equipped 
with cathode ray oscillographs it repre- 
sents the only method available for check- 
ing high potentials, either transient or peri- 
odic. Therefore the calibration of the sphere 
gap is important, and the changes which 
Mr. Meador has indicated represent a 
sufficient deviation from the A.I.E.E. 
standard curves that a revision of the 
A.I.E.E. standard values should be under- 
taken. 

Laboratories, particularly those in col- 
leges, make use of small sphere gaps at 
small settings for the measurement of both 
transient and low frequency potentials, 
and it is very desirable, therefore, that 
further study be made of the smaller sphere 
gaps so that data, corresponding to that 
given by Mr. Meador, will be available for 
the smallest sphere gaps in use. In this 
connection, it should be remembered that 
the use of ultra-violet light with small 
sphere gaps is very useful in reducing the 
time lag and making sparkover values more 
consistent. The use of ultra-violet light 
was found useful by the writer in connection 
with “The Measurement of Transients by 
the Lichtenburg Figures,” presented to the 
Institute in 1926, where light from an arc 
lamp was used. More recently the mercury 
vapor lamp has been used successfully. 

The good check obtained between the 
results given by Mr. Meador and those 
reached by Mr. Bellaschi, as appearing in 
the June 1934 issue of The Electric Journal, 
serves to inspire confidence in the results 
obtained by both of the investigating labo- 
ratory groups. This is particularly true 
since quite different methods were used in 
arriving at the results. 

Since the use of the resistance divider 
has been a matter of some discussion, it 
seems desirable to introduce here a brief 
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discussion of the history of the dividers and 
their use. 
Z In the first published use of the cathode 
ray oscillograph in the United States, for 
the purpose of measuring single transients, 
a capacitance divider was described. 
(“Study of Time Lag of the Needle Gap,” 
Ke By McEachron| and E. J. Wade. 
A.I.E.E. TRANS., 1925, p. 832.) 

The capacitance divider in this form is 
not suitable for high voltages, because of 
the necessity of locating the divider at 
some distance from the cathode ray oscillo- 
graph. 

In 1925, Mr. Wade developed a so- 
called compensated resistance divider for 
use up to 100,000 volts, which really con- 
sisted of a bridge circuit with resistance in 
2 arms and capacity in the other 2 arms. 
This resistance divider was first described in 
Electric Light and Power, May 1929. 

In 1927, Gabor described a cable divider 
and gave the theory of its operation. 
(‘‘Forschungshaft der Studiengesellschaft 
fiir Hochstspannung - spanlagen’”’—1. Heft. 
Sept. 1927, p. 42). By the proper circuit 
arrangements, the cable may be used with a 
resistance divider, and reproduces, with 
reasonable accuracy at the receiving end, 
the transient applied at the entering end. 
The cables used are not absolutely distor- 
tionless, but are sufficiently good for the 
work to be done, providing the proper 
precautions are taken. 

Since Gabor introduced the resistance- 
cable divider, its use has spread until most 
laboratories today are familiar with its 
use and have found it a very helpful circuit 
arrangement for the measurement of ex- 
tremely high voltages. 


F. O. McMillan (Oregon State College, 
Corvallis): It is indeed, gratifying that 
progress is being made in the general recog- 
nition of the 60-cycle polarity characteris- 
tics and the difference in the positive and 
negative calibration of the sphere gap. 

In October 1929, J. T. Lusignan, Jr., 
presented his paper ‘‘A Study of High 
Voltage Flashovers’”’ (A.I.E.E. TRANS., 
v. 48, 1929, p. 246-54) in which he described 
. some 60-cycle research work done in the 
Harris J. Ryan high voitage laboratory. 
In his paper he called attention to the 
observation that a 50-cm grounded sphere 
gap at diameter separation always flashed 
over when the upper ungrounded sphere 
was negative, and at 69 cm separation flash- 
overs occurred at both polarities. At the 
larger sphere spacing he observed about 
twice as many positive as negative flash- 
overs. 

In September 1930, we reported the 
results of research work at Oregon State 
College in a paper ‘‘The Influence of 
Polarity on High Voltage Discharges’’ 
(A.I.E.E. Trans., v. 50, 1931, p. 23-33). 
In this paper complete characteristics 
were shown graphically using the percent- 
age of the 60-cycle sparkovers that were 
positive as ordinates, and the sphere gap 
spacing in centimeters as abscissas. These 
curves were called “‘Polarity Distribution of 
60-Cycle Sparkovers,”’ and they are identi- 
cal with those Mr. Meador has called 
“60-Cycle Polarity Characteristics.”” Com- 
plete curves were shown for a 6.25-cm sphere 
to plane gap and for 2.54-cm and 6.25-cm 
sphere gaps. The 25-cm sphere gap char- 
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acteristic was shown up to 10-cm spacing 
which was the limit of the 60-cycle voltage 
available. The sphere gap curves all show 
the same general characteristics. See Figs. 
9, 10, and 12 of the paper referred to. At 
close spacings sparkover was found to 
occur on both polarities, at intermediate 
spacings sparkover occurred only when the 
ungrounded electrode was negative, and at 
somewhat more than diameter spacing a 
rapid transition from 100 per cent negative 
sparkover to 100 per cent positive was 
found. 

Mr. Meador shows in Fig. 3 a 60-cycle 
polarity characteristic for a 6.25-cm sphere 
gap that has a rather high percentage of 
positive sparkovers occurring over the en- 
tire range of spacings up to 8 cm. This 
is not in agreement with our findings. 
For the past 4 years the determination 
of the 60-cycle polarity characteristic 
for either a 6.25- or 12.5-cm grounded 
sphere gap has been one of our regular 
high voltage laboratory experiments. This 
laboratory work has given an opportunity 
to obtain the data for and examine a 
number of characteristics for the 6.25-cm 
sphere gap. During the past year E. D. 
Harrington and K. M. Klein, seniors in 
electrical engineering, made an extended 
investigation of the influence of the ground 
plane position on the 60-cycle polarity 
characteristic of the 6.25-cm sphere gap. 
The gap was placed at various distances 
above the ground plane ranging from 1 to 
20 sphere diameters. Over this large 
variation in ground-plane relationships, a 
definite range of gap spacings in which no 
positive sparkovers were obtained was al- 
ways observed. The extent of the range 
of sparking distances over which no posi- 
tive sparkovers occurred was changed by 
the position of the gap with respect to the 
ground plane, but a definite range always 
remained in which all of the sparkovers were 
negative. It is, therefore, our belief that 
the 60-cycle polarity characteristic shown 
in Fig. 3 was obtained as a result of some 
extraneous cause not directly related with 
the polarity characteristic of the 6.25-cm 
sphere gap. 

We have observed that it is absolutely 
necessary to have the circuit free from 
corona discharges of any magnitude when 
these characteristics are taken on gaps with 
small diameter spheres, because the tran- 
sient disturbances in the circuit voltage 
caused by corona will completely upset the 
polarity distribution of the sparkover on 
such gaps. The reason corona discharges 
cause more trouble on small gaps than on 
large ones is obvious when consideration 
is given to the fact that the voltage dis- 
turbances caused by corona constitute a 
much greater percentage of the total voltage 
when the relatively low sparkover voltages 
for small sphere gaps are involved. Be- 
cause of this, and further, because over a 
period of 4 years under widely different 
conditions it has been possible to con- 
sistently obtain typical 60-cycle polarity 
characteristics for both a 6.25-cm sphere gap 
and also for a smaller 2.54-cm gap, we are 
convinced that the 60-cycle polarity char- 
acteristic shown in Fig. 3 is not the true 
characteristic for a grounded 6.25-cm 
sphere gap. It is believed that the data in 
Table V and Fig. 10 of our 1930 paper are 
more nearly representative of the 60-cycle 
polarity characteristic of the 6.25-cm sphere 


gap. The corona disturbance may also ac- 
count for the fact that the 60-cycle test 
curve in Fig. 3 is lower than the calculated 
curve and not in as good agreement with it 
as the experimental curves obtained for the 
12.5- and 25-cm sphere gaps which gave 
normal 60-cycle polarity characteristics and 
were in quite good agreement with the 
calculated curves. 

In the 1930 paper it was pointed out that 
the phenomenon of sparking over on 60- 
cycle symmetrical voltage only when the 
spheres have a definite polarity relationship 
with respect to ground showed conclusively 
that the positive and negative sparkover 
voltages must be quite different for the 
sphere separations that select one spark- 
over polarity continuously, otherwise 
grounded sphere gaps would spark over on 
either polarity indiscriminately for all 
sparking distances. Tabulated data and 
curves were presented which showed that 
the unidirectional impulse sparkover char- 
acteristics of the sphere gap gave excellent 
correlation with the 60-cycle data. See 
Tables VI and VIII and Figs. 11, 18, and 14. 
These data were obtained by taking advan- 
tage of the fact that, at close spacings, the 
sphere gap has no appreciable polarity 
effect, and, therefore, a large sphere gap 
may be used for the impulse voltage cali- 
bration of a smaller gap. 

At relatively short sphere gap sparking 
distances no appreciable difference was 
found in the positive and negative im- 
pulse sparkover, at intermediate spacings 
the sparkover voltage was lower when the 
ungrounded sphere was negative than when 
it was positive, and at long sparking dis- 
tances (more than one sphere diameter for 
the spheres investigated), the negative 
sparkover rapidly approached the positive 
value, became equal to it, and finally in- 
creased to a considerably larger value. 
The complete impulse characteristic for the 
6.25-cm sphere gap is shown in Fig. 11 of 
the 1930 paper. These data showed clearly 
that for the smaller sizes of spheres, for 
which accurate experimental 60-cycle cali- 
bration data were available in the A.I.E.E. 
Standards, the crest a-c calibration curves 
were quite accurate for impulse voltage 
measurements when the ungrounded sphere 
was negative, but the positive values of 
voltage obtained by the use of the 60-cycle 
curves were much too low. The latter was 
especially true when voltages were meas- 
ured near the maximum recommended 
sparking distance for a particular size of 
spheres. The maximum differences ob- 
served between the positive and negative 
sparkover voltages were very much larger 
than the permissible errors of measurement 
in high-voltage testing. 

The impulse characteristics obtained had 
the same general characteristics as those 
found by Mr. Meador. The principal varia- 
tion is in the magnitude of the difference in 
the positive and negative sparkover volt- 
ages and the point at which the positive 
and negative curves cross. The only im- 
pulse characteristic Mr. Meador has carried 
up to the cross-over point is shown in Fig. 
15, which is for the 12.5-cm sphere gap. 
These curves cross over at 10 cm gap spac- 
ing or only 80 per cent of sphere diameter. 
It is rather surprising that the cross-over 
occurs at such a small sphere separation. 
This is particularly true in view of the 
fact that the 60-cycle polarity characteristic 


in Fig. 4 does not show any appreciable per- 
centage of positive sparkovers at 15 cm 
spacing or 120 per cent of sphere diameter 
separation. We have found better correla- 
tion between the 60-cycle polarity char- 
acteristic and the impulse characteristics 
for the 6.25-cm sphere gap. See Figs. 10 
and 11 of the 1930 paper. For this sphere 
gap the transition from negative to positive 
sparkovers on the 60-cycle polarity char- 
acteristic starts at 144 per cent of sphere 
diameter separation, and the impulse char- 
acteristics cross over at a separation of 
approximately 134 per cent of sphere 
diameter. Mr. Meador is not recommend- 
ing the use of the sphere gaps in this range 
of sizes beyond a spacing of 50 per cent of 
the sphere diameter; nevertheless, it is be- 
lieved the complete characteristics are a 
good index of the extraneous influence 
present at the time the characteristics were 
taken and, therefore, constitute a measure of 
the reliability of the calibration data. 

There is considerable evidence that the 
sphere gap is influenced by extraneous fields 
and grounded objects to a much greater 
extent than has heretofore been recognized. 
It would, therefore, appear that these 
influences should be studied and the condi- 
tions under which the sphere gap is to be 
used specified in a great deal more detail 
in any future standards than are adopted. 


L. N. Robinson (consulting engineer, 
Corning, N. Y.): A sphere gap is essen- 
tially a center-zero voltmeter which is used 
in an electrostatic field whose intensity 
depends on the voltage being measured. 
Each body of insulating material and each 
body of conducting material which is in the 
vicinity of the sphere gap distorts the 
electrostatic field and produces more or 
less ‘‘proximity effect’? on the sphere gap. 
If the combined proximity effects of neigh- 
boring bodies are the same on both spheres, 
the scales on both sides of the zero are 
affected alike or, we may say, the calibra- 
tion curve is shifted as a whole. If the 
combined proximity effects of neighboring 
bodies are greater on one sphere than on the 
other, there will be an “apparent” polarity 
effect because the scale on one side of the 
zero will be affected more than that on the 
other side. 

Therefore, it is necessary to define the 
spheres, their supports and especially their 
surroundings in specific detail for a primary 
standard sphere gap before it can be as- 
sumed that a standard calibration curve 
will apply. Sphere gaps which are not 
primary standards should be provided with 
individual calibration curves. 

Mr. Meador and others have observed 
apparent polarity effects in vertical sphere 
gaps, but we find no evidence that polarity 
effects are inherent in sphere gaps in 
general. 

Vertical and asymmetrical sphere gaps 
may manifest polarity effects which are 
actually proximity effects or due to vertical 
drafts of air which would act equally on both 
electrodes of a horizontal, symmetrical 
sphere gap. The heating of the dielectric 
prior to sparkover causes some upward 
draft, and there will be vertical drafts in 
the room if there is much temperature 
difference between the floor and the ceiling. 

There is no reason to imagine that a 
horizontal sphere gap, in which identical 
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spheres are symmetrically supported by 
identical insulators and equidistant from 
each extraneous body, will manifest any 
polarity effect. 

Mr. Meador states that, during his tests, 
“the height of the grounded sphere above 
the floor was maintained at from 3 to 5 
diameters.” With reference to polarity 
effect, he says: ‘The large ground surface 
near the grounded sphere is the upsetting 
factor.’ Evidently, the clearance of 3 to 
5 diameters did not eliminate the proximity 
effect of the floor. However, the effects of 
vertical drafts of air and the proximity 
effect of the floor could have been equalized 
with respect to both spheres so as not to 
have produced any polarity effect if the 
centers of both spheres had been on a line 
parallel with the floor and the spheres sup- 
ported by identical insulators. 

There does not appear to have been any 
inherent electrical characteristic which 
brought vertical sphere gaps into use. 
The preference seemed to be due to the 
apparent cheapness of wooden frames for 
supporting medium-sized spheres before the 
possible polarity effects of the asymmetrical 
frames were recognized. 

The needle gap was, and is, practically 
always of the horizontal type. In fact, 
early sphere gaps consisted of spheres with 
thin shanks which were mounted in place 
of needles in horizontal needle gap stands. 

Since impulse tests of high voltage in- 
sulations are very essential and polarity 
effects in sphere gaps can hardly be toler- 
ated, the polarity effects, which appear to 
be unique in vertical sphere gaps, may bea 
very good reason why horizontal sphere 
gaps should be adopted as standard or, 
at least, for primary standards. 


F. J. Vogel (Westinghouse Elec. and Mfg. 
Co., Sharon, Pa.): The inaccuracy of 
present sphere gap calibrations in 60-cycle 
measurements and the relationship between 
the 60-cycle and negative surge calibrations 
are the high spots of this investigation. 

In past years the writer has had occasion 
to design numerous testing transformers. 
There was a demand for accurate indicating 
voltmeters, and the production of pure sine 
waves for testing. Several equipments 
were sold with guarantees as to the ac- 
curacy of voltage measurement. At that 
time, the process was reversed; that is to 
say the fact that the meter checked the 
sphere gap readings was taken as proof 
that the meter was satisfactory and the 
guarantees met. It should be noted that 
the tests were made on commercial designs, 
with no thought of finding sphere gap in- 
accuracies, and my object in reporting them 
is to confirm Mr. Meador’s data, in general, 
and point out slight conflicts in some 
cases. 

In 1925, the Westinghouse company 
furnished 2 testing equipments, one for 500 
and one for 750 kv. These were made 
using 2 and 3 units in cascade, respectively. 
The transformers were of comparatively 
large capacity, and accordingly the regula- 
tion should be negligible. Further, since 
the magnetizing current was relatively 
small, no reason can be seen, nor was in 
fact found, for error due to cascade connec- 
tion. The performance of the voltmeter 


coil and several sphere gaps was quite care- 
fully checked. 


Table IV—Calibration of 25-Cm Sphere Gap 


Voltage From Voltage, 
Sphere Gap Voltmeter Present 
Setting, Coil, A.LE.E. Std., 
Mm Kv rms rms 
1 Unit 
BSc Qiterevareate see bee emaenorio cn 75 
DOB ac eve tala OO Gilg cA vsoncaine 100 
GOO crate oietsnstcns 24 <0. ee eucie exten 125 
BS Overt esis T5050) erate ers 150 
129% Onc out gee sore 192 OS siete 200 
2 Units in Cascade 
dS nati cio. hoe OF Orc isrenste 100 
SSO tee ierere 1 ORR ere Geman 150 
LOMO ieleiedsctemachs LOS) sO)st crcken'> erate 200 
TOL AOR eek 237 20k ee nce sieges 250 


Instead of using a crest voltmeter to ob- 
tain the voltmeter coil voltage, a sine wave 
was maintained at the transformer ter- 
minals, the ratio between the crest and 
the root mean square values being +/2 
within 2.2 per cent. : 

A tabulation of the results obtained 
with the 25-cm gap is given in Table IV of 
this discussion. 

At that time, an effort was also made to 
obtain data with a 50-cm gap at higher 
voltages, but the gap was not strictly in 
accordance with A.I.E.E. standards, and a 
comparison with the 25-cm gap (Fig. 3) 
made us fearful of its accuracy or the 
possibility of a check. It also made the 
accuracy of the 25-cm gap doubtful above 
200 kv. 

Later the 3 units were set up in the 
customer’s plant, and a check with a 100- 
cm gap was possible. Unfortunately, this 
gap, being horizontal, is not quite in ac- 
cordance with A.I.E.E. rules, but since the 
openings used were comparatively small, 
it is believed that it is accurate. 

A tabulation of the data taken on the 
meter sphere with 1, 2, and 3 units is given in 
Table V. 

From this data it may be seen that the 
present 25-cm gap calibration has been 
found reasonably accurate, but that varia- 
tions might be expected above half opening. 
Likewise, it seems that voltmeter coils in 


Table V 
Interpolated 
Values 
From 
Voltage Meador’s 
From Recom- 
Westing- Voltage mended 
Sphere house by Calibra- 
Gap Curves, Volt- Coil, tion 
Setting, Ky meter, Kv Table IV, 
Cm rms Rms Crest Kv Crest 
1 Unit 
NOR /ieraranete ZOO)t:. 1 202 Loose OS 
Se Grnrcres WOO sous ZOO ae Od eS OS, 
2 Units 
LO es eee 200. ier LOG ee ea ee SS 
13;).6, eters: 250 3.0 ZOO st se cose De 
orale eee 400). ... . 389.05. 0502-6 8066 
3 Units 
Ss Ginettere 250). 0.4, -n 242. cee Lo) ODS 
21 venues 400%... 3845 2. 6420 566 
DS. Orne ss 750...:*610,..,.*995... 91,088 


* For previous data, the wave shape was closely a 
sine wave. Distortion in generator voltage wave 
present in this reading was checked by oscillograph 
and wave analysis. The crest factor was found to 
be 1.63 instead of 1.41. 
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Fig. 3. Comparison of sphere gap readings 


200 240 280 


A. 25-cm gap in parallel with 50-cm gap 
B. 50-cm gap 
C. 25-cm gap taken alone 


cascade units, with proper characteristics, 

unless the wave shape is poor, can also be 
used to measure voltage to a fair degree of 
accuracy. It may also be seen that the 
meter sphere gap calibration curves as 
used by the Westinghouse company are 
substantially correct. 

Later, 2 units for 350 kv in cascade were 
ealibrated. These units furnished data 
for the 50-cm sphere as well as the 25-cm 
sphere. For purposes of simplicity com- 
parison is made by tabulating the sphere 
gap voltage, corrected in line with the 
present A.I.E.E. standards, and the volt- 
meter coil voltages. 


= a 


Data With 25-CmGap Data With 50-Cm Gap 


Sphere Voltmeter Sphere Voltmeter Coil 


|Gap Coil Gap 
Voltage, Voltage, Voltage, Voltage, Kvrms, 
Ky Ky Kv Unit Unit 
rms rms rms No. 1 No. 2 
DOM MAREA Dome TOS. S.cc,¢60 OO. Seem 0960 
OME OOnteiele LOSAO etree LOOTOa. 5 9OK5: 
VOOM LOOk dia. sed 22D aes Lee Sa. 5 land 
5G) On. ws LAO... LAT Opens 44.5 
WOO LOO wee LO.»  LOOGOk . LO40 
Ome id 
Units 1 and 2 in Cascade 
2. OM ome cere 173 
LO TAO ck erotics 198 
DAT OPS svenaretaretexe 249 
296 LOS states 294 
SAS iO) pStetera ie paele 342 


To sum up, data taken both the single 
units and with units in cascade confirm the 
present A.I.E.E. standards for the 25- and 
50-cem gaps. The calibration curve as 
used by the Westinghouse company for the 
100-cm gap is also checked. Further, due to 
the effect of surroundings it is seen that varia- 
tions in spark gap readings occur at open- 
ings over !/2 the sphere diameter and it is 
recommended that for precise work gap 
openings over 1/) the sphere diameter 
should not be used. 

Acknowledgment is hereby made of the 
work of J. K. Hodnette and W. L. Teague 
in obtaining some of the data here presented. 


J. R. Meador (General Electric Co., Pitts- 
field, Mass.): Referring to Messrs. Bel- 
laschi’s and Teague’s discussion of their 
method of measuring impulse voltages, 
3 methods of voltage measurement were 
considered for the impulse tests reported 
in this paper. These alternatives were: 
1, the capacitance divider with cathode ray 
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oscillograph; 2, the resistance divider with 
cathode ray oscillograph; and 3, a sphere 
gap calibrated by voltmeter coil measure- 
ment on 60 cycles and used, in the range 
where its polarity effect was negligible, as 
a standard for the impulse distribution of 
the other sizes of spheres. 

The third method of voltage measure- 
ment was used because: 1, a_ testing 
transformer with a voltmeter coil of high 
accuracy was available; 2, it was believed 
that the 60-cycle polarity characteristic 
gave a sufficient indication of the impulse 
polarity effect; 3, by using one sphere gap 
as a reference, all of the sizes of spheres 
should agree on voltage indications; and 4, 
it was felt that there was not sufficient proof 
of the accuracy of the capacitance and 
resistance dividers to permit their use in 
the determination of sphere gap calibrations. 

With regard to the comparison between 
the General Electric and the Westinghouse 
data given by Mr. Fielder, I believe that in 
general the agreement is very good. The 
maximum differences in the 200-cm sphere 
gap curves are at spacings in which both 
sets of data are obtained by extrapolation. 
The differences in the 50-cm sphere gap 
curves are hard to explain, however. 
When taking the General Electric data, the 
50-cem spheres were compared with the 
100-cm spheres. Then, the 50-cm spheres 
were used for a comparison with the 25-cm 
spheres. The agreement between the 
General Electric and the Westinghouse 
calibrations of the 100- and 25-cm sphere 
gaps is excellent, whereas the agreement 
on the 50-cm spheres is only approximate. 
I would suggest that Mr. Fielder com- 
pare his 25-, 50-, and 100-cm sphere gaps 
in the manner described above in a search 
for possible errors. A further check may 
be obtained by taking a 60-cycle calibration 
of the 50-cm sphere gap up to a spacing of 
one diameter. I feel confident that these 
discrepancies can be reduced by coordinated 
efforts between the 2 groups of investiga- 
tors. 

I hesitate to draw any definite conclusions 
from the 60-cycle data presented by Mr. 
Vogel. The sparkover data on the 50-cm 
sphere gap show an average difference of 
2 per cent between 2 different testing 
transformers. Furthermore, there is the 
possible error of 2.2 per cent due to varia- 
tion in wave form. I do not agree that 
there are appreciable variations in sphere 
gap readings on 60-cycles above 50 per cent 
of diameter spacing. When properly cali- 
brated, the sphere gap may be used with 
confidence up to a spacing of one diameter 
if a reasonable clearance is maintained. 
The only data points above 50 per cent of 
diameter spacing shown by Mr. Vogel are 
taken with 2 or more testing units in cas- 
cade. Under this condition the error in 
each unit is cumulative and a high degree of 
accuracy is not to be expected. 

Mr. Bellaschi’s empirical equation for 
sphere gap sparkover voltages is very 
interesting and may lead to more study of 
the fundamental mechanism of sparkover. 
However, for the present, it is very doubtful 
that calculated sphere gap sparkover curves 
will be well received by laboratory men in 
view of their past experience with them. 

Mr. Bellaschi uses the gradient curves 
from the paper that he mentions (“Impulse 
Calibration of Sphere Gaps,’ by P. L. 
Bellaschi and P. H. McAuley, The Electric 


Journal, June 1934) in deriving his em- 
pirical equation. Referring to this paper, 
I erroneously assumed at first reading 
that the points on the gradient curves of 
Fig. 14 were actual test points or, at least, 
points taken from the curves drawn through 
an average of the test points. On closer 
inspection of the sparkover curves given on 
Figs. 4 to 11 inclusive, however, it is ob- 
vious that there are discrepancies. On Fig. 
7 the negative polarity curve for the 75-cm 
sphere gap is drawn through 10 test points. 
At diameter spacing the average gradient is 
13.2 kv per cm, whereas this point on 
Fig. 14a is plotted as 13.85 kv per cm—a 
discrepancy of 5 per cent. Similarly, at 
80 per cent of diameter spacing, a dis- 
crepancy of 3 per cent exists. The 100-cm 
spheres at diameter spacing, both polarities, 
show changes of 2 percent. I would expect 
some isolated test points to vary this much 
from an average sparkover curve but once 
the curve is drawn, it does not seem ad- 
visable to change it to agree with a gradient 
curve having no fundamental basis. 

The corona voltmeter mentioned by Mr. 
Floyd was not used in this investigation. 
It should prove very useful in obtaining 
accurate calibration curves for small sphere 
gaps. 

Mr. McMillan emphasizes the effect of 
ground and extraneous fields on the 60-cycle 
polarity characteristics of sphere gaps. 
The lack of agreement on the 6.25-cm sphere 
gap between his previously published data 
and that reported in this paper may be 
due to such causes. As stated in the paper, 
the 6.25-cm sphere gap was tested entirely 
in accordance with present A.I.E.E. recom- 
mendations as to distance above ground, 
size of frame, and distance from nearby line 
and ground potential surfaces. A series 
resistance was used in the line lead. The 
tests were made under the same conditions 
that would occur for normal use of the 
sphere. It is encouraging to learn that the 
important work reported by Mr. McMillan 
in 1930 is being continued. 

Mr. Robinson is undoubtedly correct in 
assuming that the polarity effect of vertical 
sphere gaps mounted near the floor is 
really a proximity effect that produces an 
asymmetrical field. The use of horizontally 
mounted spheres would be very cumbersome 
under average laboratory conditions where 
floor space is ata premium. A complicated 
supporting structure would be necessary 
for spheres of the order of 100 and 200 cm 
in diameter. The objection to the polarity 
effect of vertical sphere gaps should be 
eliminated if calibration curves are taken on 
both polarities. 

Professor Hillebrand’s question as to the 
number of readings necessary for 60-cycle 
calibration by the sphere gap is a very 
pertinent one. For the data in this paper 
from 10 to 20 readings were taken for each 
sphere gap spacing. Ten readings should 
be sufficient if the voltage is brought up 
slowly just previous to arcover. ‘‘Strays’’ 
that depart widely from the mean should 
be disregarded since it is felt that they are 
not a measure of the average sparkover volt- 
age. Some strays can be traced to too 
rapid an application of voltage; others, to 
sudden air currents. If as many as 20 or 
25 per cent of the total readings are strays, 
usually some condition exists that should be 
corrected. 

I have never encountered the condition 
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where the first few sparkovers were low, 
as brought up by Dr. Lusignan, except when 
the spheres were dirty or wet. Often, when 
the laboratory has been operating at high 
humidities, condensation forms drops of 
water on the sphere arcing surface. At 
times a few sparkovers will remove these 
beads of moisture that cause local concentra- 
tion of voltage. A similar effect is some- 
times produced by dust particles. Usually 
if the spheres are actually dirty, however, 
suecessive sparkovers will not clean them. 
Another cause of low initial sparkovers is the 
residue of the metal polish used to clean the 
spheres. 

I agree with Dr. Lusignan that it would 
be of great advantage to have some method 
for determining when the sphere surfaces 
are adequately cleaned. 

The lack of agreement on voltage measure- 
ment between the various sizes of spheres 
found by Dr. Lusignan has undoubtedly 
been the cause of a certain amount of dis- 
satisfaction in the use of sphere gaps. The 
method used in my paper for making im- 
pulse calibrations should eliminate the 
possibility of disagreement among different 
sizes of sphere gaps, since each size is cali- 
brated by comparison with another size. 


Cross Current of a 


5-Arm Network 


Discussion and author’s closure of a paper by 
A. C. Seletzky and J. R. Anderson published 
in the June 1934 issue, p. 1004-9, and pre- 
sented for oral discussion at the instruments 
and measurements session of the summer con- 
vention, Hot Springs, Va., June 29, 1934. 


I. M. Stein (Leeds and Northrup Co., 
Philadelphia, Pa.): Both this paper and 
the companion paper, dealing with cross 
potential of a 4-arm network, are very com- 
mendable contributions to the art of elec- 
trical measurement, but I am somewhat dis- 
appointed that the authors did not see fit to 
include a specific practical example of the 
actual application of the method. While 
it is true that the introduction to the 
earlier article refers to practical applica- 
tions in very general terms, the practical 
example discussed in detail in the present 
paper is not really a practical example of 
the application of the method, but is 
merely a sample calculation in accordance 
with the method. It seems to me that the 
most important practical application of the 
method would occur in connection with that 
type of impedance bridge measurement 
in which the reading is obtained not by 
balancing the bridge, but by reading the 
deflection of an instrument connected so as 
to carry the cross current. It is not clear 
that the method would have practical 
application in connection with impedance 
bridges in which the reading is obtained by 
balancing the bridge either manually or 
automatically, particularly as the method is 
not applicable to many of the problems en- 
countered in practice. The limitations 
are clearly stated in the paper. Of course, 
it is well known that even when operating a 
bridge in the balanced condition, the simple 
equations representing such balanced condi- 
tions are not sufficient because these give 
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no idea of the magnitude and phase of the 
cross current resulting from an unbalance, 
and it is necessary to know both the magni- 
tude and phase of the cross current in 
order to properly select and adjust the de- 
tecting circuit. However, there are several 
fairly simple methods for calculating the 
magnitude and phase of the cross current 
for a particular unbalance, and these are 
perfectly general in their application, be- 
ing applicable to cases where more than one 
arm is varied to effect a balance and also 
to those cases in which the arms are varied 
in a manner outside of the limitations as 
stated in the paper. In general, these 
methods consist in first determining from 
the simple equation for the balanced condi- 
tion the value of a particular variable to 
give this condition, and then determining 
from the general equation for the cross cur- 
rent the magnitude and phase of the cross 
current for a specific value of the particular 
variable, which differs from the value of 
that variable for the balanced condition by 
the minimum deviation that it is desired 
to detect in the measurement. If the 
complex notation is used, the-2 components 
of the cross current are easily determined. 

At the present time I can see the oppor- 
tunity for the immediate application of the 
method in connection with the one practical 
application which I have mentioned and, 
of course, the future may disclose some im- 
portant practical applications in connection 
with calculations pertaining to bridges 
operated in the balanced condition. 

The only other comment is one which I be- 
lieve may be helpful to others who may wish 
to study the papers carefully. In the 
present paper, the statement is made ‘‘the 
locus of the cross current is a circle’ and a 
similar statement appears in the earlier 
paper with regard to potential. Also the 
diagrams in both papers show complete 
circles. This statement is somewhat mis- 
leading. I think it would be better to say 
“the locus of the cross current lies on a 
circle’ because, in most cases, the locus is 
really only a small part of a circle. 


A. C. Seletzky (Case School of Applied 
Science, Cleveland, Ohio): In the pre- 
ceding paper (ELECTRICAL ENGINEERING, 
v. 62, no. 12, December 1933, p. 861-7) 
which treated the variation of cross poten- 
tial, the network employed for the numeri- 
cal example was chosen, not as an illustra- 
tion of any particular type of bridge, but 
as a simple network which would serve to 
illustrate the use of circular loci for both 
fixed and variable frequency of applied 
voltage. Fortunately, from the standpoint 
of computation, the loci for a goodly number 
of bridge circuits follow circles at variable 
frequency with fixed arms. However, it 
was desired to use a network in which the 
cross potential at variable frequency would 
follow the sum of 2 circles; and it was for 
this reason that the circuit in question was 
employed. When it came to the question 
of selecting a network to illustrate the 
application to cross currents, the authors 
considered it advisable, for the sake of 
continuity, to use the same circuit. 
Whether or not the network employed is a 
“practical example” or a “sample calcula- 
tion” is secondary to the consideration of 
the employment of a simple circuit to 
demonstrate the numerical work entailed 


in the determination of the loci. If the 
reader comprehends the application of circu- 
lar loci after studying the network used in 
the present paper, the authors consider that 
the “practical example’ or ‘‘sample cal- 
culation” has served its purpose. 

In regard to the question of what is the 
most important practical application of 
circular loci, the authors prefer to rest 
with the statement that the method pre- 
sented is one which gives the locus of cross 
current when the variable, be it frequency 
or impedance element, ranges from zero to 
infinity. Whether or not the method is 
the simplest available for particular condi- 
tions of unbalance depends upon how much 
information is desired. Doctor Kouwen- 
hoven, in his discussion of the preceding 
paper (ELECTRICAL ENGINEERING, v. 53, 
no. 8, March 1934, p. 478) considered the 
advantages of circular loci to determine 
the orthogonality of variation in cross 
potential caused by changes of resistance 
and reactance elements in a bridge arm when 
close to balance. 


Selsyn Instruments 
for Position Systems 


Discussion of a paper by T. M. Linville and 
J. S. Woodward published in the June 1934 
issue, p. 953-60, and presented for oral dis- 
cussion at the instruments and measurements 
session of the summer convention, Hot 
Springs, Va., June 29, 1934. 


Paul MacGahan: See discussion below. 


A Telemeter With 
Pilot Coil Transmitter 


Discussion and author's closure of a paper 
by L. J. Lunas and H. L. Bernarde published 
in the June 1934 issue, p. 974-6, and pre- 
sented for oral discussion at the instruments 
and measurements session of the summer con- 
vention, Hot Springs, Va., June 29, 1934. 


Paul MacGahan (Westinghouse Elec. 
and Mfg. Co., Newark, N. J.): The 
complete data on the characteristics of the 
telemeter described in the paper by Lunas 
and Bernarde will be found in one of the 
current-type telemeter columns listed in 
the report of the joint committee on 
telemeters, a revised edition of which report 
is practically finished at this time. This 
telemeter replaces the vacuum tube teleme- 
ter which was listed in the original report 
of this committee and gives quicker re- 
sponse. A speed of response equal to that 
of ordinary indicating instruments is being 
demanded by many operating engineers 
for indications in telemeter systems. The 
speed obtainable is shown well in the 
oscillograph slide shown by Mr. Lunas, 
made since the original paper was published. 

‘In addition, the report containing the 
column for the high rate impulse-type 
telemeter includes the data on an entirely 
new form of such telemeter, a paper on 
which was planned but not completed in 
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Fig. 1. Current-deflection characteristics of 


pilotel telemeter for various line resistances 


time for presentation at this session. This 
impulse telemeter, however, is quite fully 
described in the June 1934 issue of the 
Electric Journal. The novel feature is a 
condenser reservoir device at the receiving 
end to store energy of the impulses and de- 
liver them at a constant voltage as a steady 
current to the receiving instruments. 

The study of the report may possibly 
bring up the thought that there is a needless 
number of different principles of operation 
used for telemeters and too many varieties 
in use. This, however, is due to the very 
great differences in requirements of local 
conditions, distance and character of avail- 
able transmission channels, and quantity 
measured, and is, to a large extent, in- 
evitable. The 4 principal types used are 
the impulse, voltage, current, and position. 

The Westinghouse low rate impulse types 
operate at not over 15 impulses per minute 
at full load, and are used for integrating 
work on account of the requirements at 
the receiving end where ratchet mechanisms 
are used to drive integrating or demand 
registers. 

The low rate impulse type is not suitable 


for indicating or graphic receivers because 


it is difficult to avoid fluctuation of the re- 
ceiving instruments caused by the slow 
period impulses, while at the same time 
making their response to changes in load 
quick enough. 

The high rate impulse system operating 
at approximately 250 impulses full load 
per minute is used for indicating or record- 
ing receivers. Generally speaking, this 
system is used where communication chan- 
nel conditions or extremely long distances 
prevent the use of the current systems, 
such as exemplified by the pilot coil trans- 
mitter of the paper by Lunas and Bernarde. 

The voltage type telemeter is seen at its 
best in the paper by Mr. Zogbaum which 
describes an installation in the New York 
district. It is peculiarly applicable to the 
local conditions in New York where the 
problem is largely one of voltage regula- 
tion, or of totalization of generator loads 
which do not vary too fast to allow the 
thermal converter transmitters and po- 
tentiometer receivers to follow correctly. 
For other system conditions where short- 
circuit currents are high, or where loads 
change rapidly, a telemeter having quick 
response may be preferable, even if less 
accurate. 

The voltages measured are of the order 
of magnitude of millivolts, and in view of 
the prevalence of stray potentials, such as 
trolley return paths in a large city, pre- 
sumably special care must be taken to use 
only high grade communication channels 
such as leased telephone lines. 

The position telemeter class is exemplified 
in the paper by Linville and Woodward. 

The authors have covered the theory of 
the position type instruments in a very valu- 
able manner. The information in the paper 
is, however, more generally applicable to 
devices of this general character than in- 
dicated in the title and text, which refers 
to the trade name of ‘‘selsyn.”’ 

Numerous other trade names for similar 
apparatus are in effect, such as “‘autosyn,”’ 
“synchrotie,”’ etc., and the broad theory so 
well presented by the authors would seem 
to apply to all of these. 

It should be clear that the salient pole 
member may be either the rotor or the 
stator. In some makes preference is indi- 
cated for placing the salient poles on the 
rotor. In the ‘‘Synchrotie’’ make, the 
designers have preferred to make the rotor 
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smooth and the stator salient, on account of 
heat radiation condition being more favor- 
able from the stator than from the rotor. 

Concerning further the question of 
nomenclature, it is confusing to have to 
contend with so many trade names on such 
devices. The only A.I.E.E. standardiza- 
tion seems to be that adopted in connection 
with instrument standards, in which tele- 
meters operating on the principle in ques- 
tion are termed “‘position” types. A similar 
basis for a standard name for such a system, 
when not used for telemeters, would seem 
to be in order. 


M. E. Reagan (Westinghouse Elec. and 
Mfg. Co., East Pittsburgh, Pa.): From the 
point of view of the application engineer, 
the development of the new current balance 
telemetering equipment by Messrs. Lunas 
and Bernarde is of more than usual interest. 

The current balance type of telemetering, 
in the past, has been the most used, the 
most satisfactory, and the simplest. Two 
major improvements in performance, high 
speed of response and small line current, 
make this new development stand out as a 
major improvement. 

The error produced by leakage on the 
line is usually very small. Open lines are 
more subject to leakage than the usual 
telephone cable circuit because of fog, 
damp weather, and other by-passes on the 
receiving element such as limbs lying across 
the lines. 

Since this type transmits much less line 
current than the older types, the trans- 
mitting voltage is proportionately less and, 
therefore, the chances of leakage or error of 
transmission is reduced. This reduction 
of transmission losses combined with in- 
dicating meter accuracy will make an ideal 
system. 

The equipment also lends itself to 
mounting attractively on switchboards 
with switching and protective equipment 
since its dimensions follow the standardized 
trend of mounting on 6-in. centers. The 
appearance is pleasing and harmonizes fully 
with other established designs. 


L. J. Lunas (Westinghouse Elec. and Mfg. 
Co., Newark, N. J.): The discussion by 
Mr. MacGahan covers all of the telemeter 
papers read at this convention, and the 
questions he touches upon in relation to the 
other papers will doubtless be covered by 
the closure statements of their authors. 
The forthcoming report of the telemeter 
subcommittee will be a very useful docu- 
ment, judging by the extended use made of 
this committee’s previous report. 

While it is true that at the present time 
there seems to be an unnecessary number 
of varieties under each general type, it is 
quite likely that with further experience 
the best methods will become more clearly 
apparent and the number of varieties will 
tend to diminish. Thus, for example, in- 
stead of 3 Westinghouse current types these 
may be reduced to one. 

The system’ described by Mr. Zogbaum 
emphasizes high accuracy where quick 
response is not essential. The system I 
have described is intended to give the same 
speed of response and the same accuracy 
as obtained in the usual indicating switch- 
board instruments. 
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News 


Of lastitute are Related Activities 


Winter Convention 


Technical Program Announced 


| a technical program for the winter 
convention of the A.J.E.E. to be held 
in the Engineering Societies Building, 33 
West 39th Street, New York, N. Y., January 
22-25, 1935, will include a wealth of engi- 
neering information for the profession. 
New developments, the latest practice, and 
recent trends toward standardization in 
various fields of the industry will be pre- 
sented and discussed. The convention will 
convene on a Tuesday and technical ses- 
sions will be held both mornings and after- 
noons for the first 3 days. The evenings 
will be taken up by social events and 
arrangements are being made for a smoker 
Tuesday night, the Edison Medal presenta- 
tion Wednesday night, and the dinner-dance 
Thursday night. Friday will be devoted 
exclusively to inspection trips to various 
places of interest in and about New York. 
Further details of these features now being 
arranged will be announced in the January 
1935 issue of ELECTRICAL ENGINEERING. 


TECHNICAL SESSIONS 


Twelve technical sessions have been 
planned to present some of the latest de- 
velopments in the electrical industry to the 
membership. Five of these sessions are 
symposiums which treat the subjects of 
transformer loading, noise, electronics, and 
induction motors. The transformer and 
noise symposiums will give the trends 
toward standardization in these fields and 
tell what is being done to bring about the 
more quiet operation of electrical equip- 
ment. Two symposiums on electronics will 
described the developments and various uses 
of electronic tubes in the fields of power, 
measurement, and industrial control. The 
induction motor symposium will deal 
with the locked saturation curves, losses, 
and performance of these machines. 

In addition to the foregoing symposiums 
several other sessions are sure to be of 
outstanding interest. At the session on 
education the importance of the social sci- 
ences will be stressed by several well-known 
engineers and executives, and realization by 
the young engineer of the importance of 
personality characteristics should be valu- 
able. At the session on general overhead 
line problems an analysis of lightning 
phenomena and protective measures against 
it will be discussed as well as system ground- 
ing and the timely subject of d-c power 
transmission. Another session will treat the 
subject of illumination. Still others will 
deal with the subjects of communication, 
electric welding, electrical machinery, and 
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cables. Thus the program is of broad scope 
and timely interest which should leave but 
little to be desired by the average engineer 
or the specialist. 


Technical 
Program 


The schedule for the 12 sessions and the 
papers to be presented at each session are 
given in the following columns. All papers 
to be presented at the convention are 
scheduled for publication in ELECTRICAL 
ENGINEERING prior to the convention. 
The majority of these papers have already 
been published in this and preceding issues, 
beginning with the papers for the illumina- 
tion session which appeared in the August 
1934 issue. All remaining papers which 
are received in time will be in the January 
1935 issue. For the papers which already 
have been published, reference to the issue 
and page is given after each title in the list 
which follows. Members who wish to 
follow the presentation in detail and discuss 
the papers are urged to take the necessary 
issues, or clippings therefrom, to the conven- 
tion. Excellent discussion should result 
from the ample opportunity afforded for 
careful advance study of the papers. 


Tuesday, January 22 
9:00 a.m.—Registration 
10:00 a.m.—Opening of Convention 


10:30 a.m.—Electrical Machinery 


Heat FLow in TurBinE GENERATOR Rorors, 
C. E. Peck, Westinghouse Electric & Mfg. Co. 
Oct. issue, p. 1359-65 
Ourput Wave SHAPE oF CONTROLLED RECTI- 
FIERS, F. O. Stebbins and C. W. Frick, General 
Electric Co. Sept. issue, p. 1259-65 
TRANSIENTS IN Macnetic Systems, C. F. Wag- 
ner, Westinghouse Electric & Mfg. Co. 
March issue, p. 418-25 


16:30 a.m.—Communication 


Witz Band TRANSMISSION OveR COAXIAL 
Lines, Lloyd Espenschied and M. E. Strieby, 
Bell Telephone Laboratories, Inc. 

Oct. issue, p. 1371-80 

CoaxtAL COMMUNICATION TRANSMISSION LINES, 
S. A. Schelkunoff, Bell Telephone Laboratories, 
Inc. Dec. issue, p. 1592-3 

Broad BAND TRANSMISSION OvER BALANCED 
Lines, A. B. Clark, American Telephone & Tele- 
graph Co, Scheduled for Jan. 1935 issue 


2:00 p.m.—Transformer Symposium 


EFFECT OF OVERLOADS ON TRANSFORMER LIFE, 
L. C. Nichols, Allis-Chalmers Mfg. Co. 


Dec. issue, p. 1616-21 


OVERLOADING OF POWER TRANSFORMERS, V. M. 
Montsinger, General Electric Co., and W. M. Dann, 
Westinghouse Electric & Mfg. Co. 

Oct. issue, p. 1353-5 


IMPULSE AND 60 CycLe STRENGTH OF AIR, P. L. 
Bellaschi and W. L. Teague, Westinghouse Electric 
& Mfg. Co. Dec. issue, p. 1638-45 

RECOMMENDED TRANSFORMER STANDARDS, H, V. 
Putman, Westinghouse Electric & Mfg. Co., and 
J. E. Clem, General Electric Co. 


Dec. issue, p. 1594-7 
2:00 p.m.—Education 


ENGINEERING EpucaTION IS MEETING THE 
CHALLENGE, H. W. Bibber, The Ohio State Univer- 
sity. Oct. issue, p. 1357-9 

On THE SCHOOLING OF ENGINEERS, Alex Dow, 
Detroit Edison Co, Dec. issue, p. 1589-91 


ENGINEERING IN THE SOCIAL SCIENCES, J, C. 
Lincoln, The Lincoln Electric Co. 

Scheduled for Jan. 1935 issue 

CHARACTERISTICS OF A GROUP OF ENGINEERS, 

Thomas Spooner, Westinghouse Electric & Mfg. 

Co. Dec. issue, p. 1571-6 


Wednesday, January 23 
10:00 a.m.— General Overhead Line Problems 


LIGHTNING PERFORMANCE OF 220 Kv LINgs, 
Lightning and Insulator Subcommittee. 
Nov. issue, p. 1443-7 
OVERVOLTAGES ON TRANSMISSION LinES, C. L. 
Gilkeson, Edison Electric Institute, and P. A. 
Jeanne, American Telephone & Telegraph Co. 
Sept. issue, p. 1301-9 
EXPULSION PROTECTIVE Gaps on 1382 Kv 
Lines, Philip Sporn and I. W. Gross, American 
Gas & Electric Co. Scheduled for Jan. 1935 issue 
MutTiIeLeE LIGHTNING StTroKES, K. B. Mce- 
Eachron, General Electric Co. 
Dec. issue, p. 1633-7 
VIBRATION ANALYSIS—TRANSMISSION LINE CON- 
puctors, W. B. Buchanan, Hydro-Electric Power 
Commission of Ontario. Noy. issue, p. 1478-85 


CARRIER CURRENT ReEtays, O. A. Browne, 
Turners Falls Power & Electric Co., and W. L. 
Vest, Jr., Western Massachusetts Cos. 

Scheduled for Jan. 1935 issue 

ConSTANT CURRENT D-C POWER TRANSMISSION, 
B. D. Bedford and F. R. Elder, General Electric 
Co., and C. H. Willis, Princeton University. 

Scheduled for Jan. 1935 issue 


10:00 a.m.—Noise Symposium 


MEASUREMENT OF NOISE FROM POWER TRANS- 
FORMERS, A. P. Fugill, The Detroit Edison Co, 
Dec. issue, p.1603-8 
MEASUREMENT OF NoIse From SMALL Morors, 
C. G. Veinott, Westinghouse Electric & Mfg. Co. 
Dec. issue, p. 1624-8 
STANDARDIZATION OF NoISE Merers, R. G. 
McCurdy, American Telephone & Telegraph Co. 
Scheduled for Jan. 1935 issue 
Quretine A Sussration, E. J. Abbott, Univer- 
sity of Michigan. Scheduled for Jan. 1935 issue 
THE MEASUREMENT OF NOISE FOR ENGINEER- 
ING Purposes, B. A. G. Churcher, Metropolitan- 
Vickers Electrical Co., Ltd. 
Scheduled for Jan. 1935 issue 


2:00 p.m.—Illumination 


CHARACTERISTICS AND USES OF THE CARBON 
Arc, W. C, Kalb, National Carbon Co., Inc. 
Aug. issue, p. 1173-9 
Low PRESSURE GASEOUS DISCHARGE LAMPS, 
Saul Dushman, General Electric Co. 
Aug. issue, p. 1204-12; Sept. issue, p. 1283-96 
INCANDESCENCE—SOME THEORETICAL ASPECTS, 
S. G. Hibben, Westinghouse Lamp Co. 
Aug. issue, p. 1201-4 


ELECTRICAL ENGINEERING 


2:00 p.m.—Electric Welding 


_ TRANSIENT VOLTAGES IN WELDING GENERATORS, 
A. R. Miller, Lehigh University. 
Sept. issue, p. 1296-1301 
_ A New Timer FOR RESISTANCE WELDING, 
R. N. Stoddard, Westinghouse Electric & Mfg. Co. 
Oct. issue, p. 1366-70 
A Hicu Power WELDING RECTIFIER, Daniel 
Silverman, Arma Engineering Co., and J. H. Cox, 
Westinghouse Electric & Mfg. Co. 
Oct. issue, p. 1380-3 
Hicu VeELocity STREAMS IN THE VACUUM ARC, 
FE, C. Easton, Harvard University, F. B. Lucas, 
formerly Lehigh University, and F. Creedy, Uni- 
versity of British Columbia. Nov. issue, p. 1454-60 
CONTROL OF TRANSIENTS IN WELDING GENERA- 
tors, F. B. Hornby, General Electric Co. 
Dec. issue, p. 1598-1602 


Thursday, January 24 


10:00 a.m.—Electronics Symposium—I 


THEORY OF MULTIELECTRODE TUBES, 
Pidgeon, Bell Telephone Laboratories, Inc. 
Nov. issue, p. 1485-98 
CaTHODE Ray TUBES AND THEIR APPLICATION, 
J. M. Stinchfield, R.C.A. Radiotron Co., Inc. 
Dec. issue, p. 1608-15 


Limits TO AMPLIFICATION, J. B. Johnson and 
F. B. Llewellyn, Bell Telephone Laboratories, Inc. 
Nov, issue, p. 1449-54 

ELECTRONIC DEVICES IN THE FIELD oF MEAS- 
UREMENTS, J. W. Horton, Massachusetts Insti- 
tute of Technology. Scheduled for Jan. 1935 issue 


Vacuum TuBES AS HIGH FREQUENCY OSCILLA- 
tors, M. J. Kelly and A. L. Samuel, Bell Telephone 
Laboratories, Inc. Nov. issue, p. 1504-17 


Jel Wels 


10:00 a.m.—Cables 


DIELECTRIC PROPERTIES OF CELLULOSE PAPER— 
Parts I anv II, J. B. Whitehead, and E. W. Green- 
field, The Johns Hopkins University. 

Oct. issue, p. 1389-96; Nov. issue, p. 1498-1503 

RESISTANCE AND REACTANCE OF 3-CONDUCTOR 

Cases, E. H. Salter, Electrical Testing Labora- 
tories, G. B. Shanklin, General Electric Co., and 
R. G. Wiseman, Okonite Co. Dec. issue, p. 1581-9 


PERMISSIBLE NEUTRAL RESISTANCE OR REACT- 


ANCE FOR GROUNDING OF CABLE SysTEMS, J. E. 
Clem, General Electric Co. 
Scheduled for Jan. 1935 issue 


TRANSIENT SHEATH VOLTAGES ON SINGLE- 
Conpuctor CABLES WITH SHEATH INSULATORS, 
Herman Halperin, Commonwealth Edison Co., 
J. E. Clem, General Electric Co., and K. W. Miller, 
Utilities Research Commission, Inc. 

Scheduled for Jan. 1935 issue 

DIELECTRIC STRENGTH OF OIs, 
F. M. Clark, General Electric Co. 

Scheduled for Jan. 1935 issue 


MINERAL 


2:00 p.m.—Electronics Symposium—II 


RaTINGS OF INDUSTRIAL ELECTRONIC TUBES, 
O. W. Pike, General Electric Co., and Dayton 
Ulrey, Westinghouse Electric & Mfg. Co. 

Dec. issue, p. 1577-80 


INDUSTRIAL ELECTRONIC CONTROL APPLICATIONS, 
F. H. Gulliksen and R. N. Stoddard, Westinghouse 
Electric & Mfg. Co. Scheduled for Jan. 1935 issue 


INDUSTRIAL APPLICATIONS OF ELECTRON TUBES, 
D. E. Chambers, General Electric Co. 
Scheduled for Jan. 1935 issue 


THE “‘THYRATRON” Moror, E. F. W. Alex- 
anderson and A. H. Mittag, General Electric Co. 
Nov. issue, p. 1517-23 


THE “IGNITRON’”’ TyPE OF INVERTER, C. F. 
Wagner and L. R. Ludwig, Westinghouse Electric 
& Mfg. Co. Oct. issue, p. 1384-8 


2:00 p.m.—Induction Motor Symposium 


EFFICIENCY TESTS oF INDUCTION MACHINES, 
C. C. Leader and F. D. Phillips, General Electric Co. 
Dec. issue, p. 1628-32 


PoweER LossEs IN INDUCTION Macutnes, P. M. 
Narbutovskih, Stanford University. 
Nov. issue, p. 1466-71 


InpDuCcTION MoTor LocKED SATURATION CURVES, 
H. M. Norman, Fairbanks, Morse & Co. 
Apr. issue, p. 536-41 


RULES ON PRESENTING 
AND DISCUSSING PAPERS 


At some of the technical sessions, a few 
papers may be presented only by title. 
This will permit the devotion of more time 
to discussion. At other sessions, papers 
will be presented in abstract, 10 minutes 


International Music Hall, Radio City, in New York, N. Y., is one of the many points of inter- 
est which may be visited by those attending the Institute's winter convention, January 22-25, 
1935, in New York. The Music Hall seats 6,200 persons, and the proscenium arch of the stage 


is 60 feet high. 
lighting system are shown. 


In this view the spectacular flooded ceiling bands with concealed 4 color 
In front of the stage is shown the $166,000 console or control 


board, by means of which the elaborate stage and auditorium lights are operated 
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being allowed for each paper unless other- 
wise arranged, or the presiding officer meets 
with the authors preceding the session to 
arrange the order of presentation and allot- 
ment of time for papers and discussion. 
Authors will be notified officially in each 
case about one month in advance. 

Any member is free to discuss any paper 
when the meeting is thrown open for general 
discussion. Usually 5 minutes are allowed 
to each discusser for the discussion of a 
single paper or of several papers on the same 
general subject. When a member signifies 
his desire to discuss several papers not 
dealing with the same general subject, he 
may be permitted to have a somewhat longer 
time. 

It is preferable that a member who wishes 
to discuss a paper give his name in ad- 
vance to the presiding officer of the ses- 
sion at which the paper is to be presented. 
Each discusser is to step to the front of the 
room and announce, so that all may hear, 
his name and professional affiliations. 
Three typewritten copies of discussion pre- 
pared in advance should be left with the 
presiding officer. 

Other discussion to be considered for 
publication must be submitted, typed 
double spaced, in triplicate to C. S. Rich, 
secretary of the technical program com- 
mittee, A.I.E.E, headquarters, 33 West 
39th St., New York, N. Y., on or before 
Feb. 8, 1935. Discussion received after 
this date will not be accepted. 


A SpEcIAL HOTEL BARGAIN 


This year an enterprising hotel within a 
15 minute walk from convention head- 
quarters is offering to A.I.E.E. members at- 
tending the convention a special ‘“‘all- 
expense”’ rate of $11.20 covering all essen- 
tial services as follows: 

Room with bath, Jan. 21-24 inclusive 

Meals, including dinners Jan. 21 and 23 and break- 
fasts Jan. 22-25 inclusive; choice of menus 

Tips for all dining room service, and to bellmen for 
room service upon arrival 

For those wishing to arrive after breakfast 

Jan. 22, a special rate will be made upon 

application. Reservations are being held 

for only 100, and these will be assigned in the 

order requested. 

Those interested should write at once to 
National Secretary Henline for descriptive 
booklet and full information. In all other 
cases, hotel reservations should be made 
directly with the hotels. 


Applied Mechanics Journal to Be Published. 
The American Society of Mechanical Engi- 
neers has decided to publish in 4 quarterly 
issues beginning 1935, a Journal of Applied 
Mechanics. The Journal will contain pa- 
pers on applied mechanics which have been 
presented before the applied mechanics 
division of the Society, besides other papers 
not so presented, reviews of pertinent litera- 
ture, and notes on important developments. 
An editorial board will be appointed 
consisting of specialists covering the differ- 
ent branches of the field of applied me- 
chanics, i. e., elasticity, plasticity, strength 
of materials, vibration, aerodynamics, ther- 
modynamics, film lubrication, and electro- 
mechanics. The Journal will be sold to 
nonmembers at $5 per annum. 
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John Fritz Medal for 1935 
Awarded Late F. J. Sprague 


The John Fritz Gold Medal for 1935 was 
awarded to Dr. Frank Julian Sprague (A’87, 
M’97, F’12, HM’32, member for life, and 
past-president) for ‘‘distinguished service 
as inventor and engineer through the ap- 
plication and control of electric power in 
transportation systems.” This medal, the 
highest distinction bestowed jointly by the 
4 national societies of civil, mining and 
metallurgical, mechanical, and electrical 
engineers of the United States for “notable 
scientific or industrial achievement,’ was 
awarded Doctor Sprague unanimously by 
the John Fritz Medal board of award at its 
annual meeting October 19, 1934. 

The presentation was to have been made 
with suitable ceremonies at one of the 
sessions of the A.I.E.E. winter convention 
to be held January 22-25, 1935. Unfor- 
tunately, Doctor Sprague’s death occurred 
early in the morning of October 25, only a 
few days after the notification was sent to 
him that the medal had been awarded him. 

Doctor Sprague was a pioneer in the 
application of electricity to street railways, 
steam railways, and elevators; among his 
numerous inventions are many relating to 
electric motors, multiple unit systems of 
train control and operation, electric street 
railways and high speed elevators. He had 
long been active in the Institute, having 
served as president 1892-93. A brief bio- 
graphical sketch of Doctor Sprague’s career 
appeared in ELrecrricAt ENGINEERING for 
May 1934, p. 791; an obituary item ap- 
pears on p. 1685 of this issue. 

The John Fritz Gold Medal is awarded 
not oftener than once 4 year for notable 
scientific or industrial achievement without 
restriction on account of nationality or sex. 
It is a memorial to the late John Fritz, a 
leader in the American iron and steel indus- 
try, the first medal having been awarded to 
Mr. Fritz in 1902. Members of the Insti- 
tute who have received this medal include: 
Lord Kelvin (William Thomson) (HM’92); 


Membership— 


Mr. Institute Member: 


You frequently ask “What do | get for my dues?” 


you mean | What am | doing with my 


You will find the answer in Electrical Engineering for: 


March 1934, page 375-81, by E. B. Meyer 


July 1934, page 1039-46, by 


November 1934, page 1542-3, by R. H. Tapscott 


Your Section membership comm 
booklet form of Mr. Johnson’s articl 
Section meeting. You will be plea 
you are doing through your Institute. 
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Elihu Thomson (A’84, F’13, HM’28, mem- 
ber for life, and past-president); Guglielmo 
Marconi (HM’17); Ambrose Swasey 
(HM’28); Herbert Hoover (HM’29); and 
M. I. Pupin (A’90, F’15, HM’28), member 
for life, and past-president). Other John 
Fritz medalists, no longer living, include: 
George Westinghouse (A’02); Alexander 
Graham Bell (A’84, M’84), and _ past- 
president); Thomas A. Edison (A’84, M’84, 
HM’28); Edward D. Adams (A’10); Elmer 
A. Sperry (A’84, M’93, and member for 
life); and John J. Carty (A’90, F’13, 
HM’28, member for life, and past-president). 


Middle Eastern District 
Executive Committee Meets 


A meeting of the executive committee of 
the A.I.E.E. Middle Eastern District 
(number 2) was held in Pittsburgh, Pa., 
October 20, 1934. 

Those in attendance were: 


Delegates 

R. A, Hudson, chairman, Akron Section 

J. H. Lampe, secretary, Baltimore Section 

E. J. Jonas, chairman, Cincinnati Section 

W. H. LaMond, chairman, Cleveland Section 
A. S. Goodrich, chairman, Erie Section 

Edgar Bell, secretary, Lehigh Valley Section 

C. D. Fawcett, delegate, Philadelphia Section 
H. A. P. Langstaff, chairman, Pittsburgh Section 
F. J. Vogel, chairman, Sharon Section 

G. W. Emery, delegate, Toledo Section 

H. G. Dorsey, chairman, Washington Section 
A. M. Wilson, vice president, District number 2 
G. McC. Porter, counselor, District number 2 
L. L. Bosch, secretary, District number 2 


Non-Delegates 

H. H. Hetiline, national secretary, New York, N. Y. 
H. H. Schroeder, secretary, Akron Section 

H. T. Killingsworth, secretary, Cleveland Section 
C. A. Powel, secretary, Pittsburgh Section 

W. I. Albert, member, Pittsburgh Section 

W. A. Summer, secretary, Sharon Section 
Columbus Section was not represented. 


At this meeting, Prof. A. M. Wilson was 


elected representative from District number 
2 on the national nominating committee. 


We take it that 
dues through my Institute?” 


J. Allen Johnson 


ittee has reprints in convenient 
e. We suggest you use them in a 
sed to hear all of the good things 


irman National Membership Committee 
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‘upon only one group of officers. 


W. H. Harrison of Philadelphia, Pa., was 
unanimously nominated a candidate for 
the Institute’s vice president from District 
number 2. 

The following were elected as members of 
the District’s coérdinating committee: H. 
A. P: Langstaff, W.'A. LaMond, H. |G 
Dorsey, and Edgar Bell. These elected 
members, together with the vice president, 
District counselor, and District secretary 
constitute the District’s coérdinating com- 
mittee. 

The following were nominated as members 
of the prize paper committee: Prof. T. B. 
Owens, Cleveland, Ohio; Prof. H. E. Dyche, 
Pittsburgh, Pa.; and F. C. Hanker, Pitts- 
burgh, Pa. The election of the committee 
was, however, deferred until after all papers 
are submitted for consideration, so that a 
committee could be selected of which no 
member would be called upon to review a 
paper one of his students or co-workers 
had presented. The date of presenting 
papers was changed to September 1, so as 
to put responsibility for presenting papers 
Vice 
President Wilson urged each Section to 
stimulate interest in the presentation of 
papers for prize consideration. 

A motion was passed that a meeting of 
the Middle Eastern District be held in 
Akron, Ohio, during 1936. 


North Central District | 
Executive Committee Meets 


The annual meeting of the executive 
committee of the Institute’s North Central 
District number 6, was held at Denver, 
Colorado, on October 26, 1934. 

Those in attendance were: 


R. B. Bonney, vice president 

T. H. Granfield, chairman, Nebraska Section 

R. H. Owen, secretary, Denver Section 

N. R. Love, representing G. S. Dring, chairman, 
Denver Section 

W. G. Rubel, District sectretary 

Prof. H. S. Rush, Chairman of the District com- 

mittee on Student activities, was unable to be 

present. 


Mr. Bonney called for nominations for 
the office of vice president of District num- 
ber 6, the candidate for this office to be 
voted for in the election of national officers 
in 1935. R.H. Fair, of Omaha, a charter 
member of the Nebraska Section, was 
unanimously nominated for the office of 
vice president of District number 6. 

Prof. G. H. Sechrist of the University of 
Wyoming was appointed to be the member 
of the national nominating committee 
from this District. 

The selection of a District committee on 
prize awards to act as judges in awarding 
prizes to the authors of meritorious papers 
presented at Section or Branch meetings 
during 1934 was next considered. It was 
decided that the executive committee would 
elect one member to serve as chairman of 
the committee, and request the 2 Sections 
in the District to each select one member to 
complete a committee of 3. W. D. Hard- 
away of Denver was chosen to act as chair- 
man of the committee. 

The District conference on student ac- 
tivities was next discussed. At a previous 
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Branch conference, the Branch counsellors 
voted to meet in Fargo, North Dakota, at 


the North Dakota Agricultural College for 


iN 


the 1935 conference. The executive com- 
mittee heartily approved the holding of the 


District Branch conference and the secre- 


_tary was instructed to notify Prof. H. S. 


\ 


Rush, chairman of the committee on Stu- 


Announcement of 


dent activities, of the action of the execu- 
tive committee and request him to proceed 
with plans for a District conference in 1935. 

After considerable discussion of Institute 
matters, particularly the activities of the 
section membership committees and pro- 
gram committees, the meeting was ad- 
journed. 


A.1.E.E. Prizes for Technical Papers 


. Auruors who plan to present papers 


before the Institute during the calendar 
year 1935, those who have presented papers 
during 1934, and others who may wish to 
submit papers for prizes, would do well to 
bear in mind that such papers are eligible 
for consideration for Institute prizes. 
These awards are made each spring for 
the preceding calendar year, and fall into 


_ 2 main classes, national and District prizes. 


In accordance with the practice followed 


_ during the past 2 years, the board of direc- 


tors decided to omit the cash awards for 


_ papers presented during the calendar year 


1934, except that a payment of $25 in cash 
will accompany each District prize for 
Branch paper. All certificates will be issued 
as usual, those for national prizes signed by 
Institute officers, and those for District 


_ prizes signed by the officers of the Districts 


concerned. In cases of joint authorship, a 
certificate will be issued to each author. 


NATIONAL PRIZES 


The national prizes which may be 
awarded at the discretion of the committee 
on award of Institute prizes are as follows: 


1. Prizes for best papers in (1) engineering practice, 
(2) theory and research, and (8) public relations and 


‘education. 


2. Prize for initial paper. 


3. Prize for Branch paper. 


The national prize for best paper in each 


of the 8 classes indicated may be awarded 


to the author or authors of the best original 
paper presented at any national, District, or 
Section meeting of the Institute, provided 
the author, or at least one of co-workers, is a 
member of the Institute. 

The national prize for initial paper may 
be awarded to the author or authors of the 
most worthy paper presented at any na- 
tional, District, Section, or Branch meeting 
of the Institute, provided the author or 
authors have never previously presented a 
paper which has been accepted by the tech- 
nical program committee, and the author, 
or at least one of co-authors, is a member of 
the Institute or is a graduate student en- 
rolled as a Student of the Institute. 

The national prize for Branch._paper may 
be awarded to the author or authors of the 
best paper based upon undergraduate work 
presented at a Branch or other Student 
meeting of the Institute, provided the 
author or authors are Student Branch 
members. 

All papers approved by the technical 
program committee which are presented at 
any meeting will be considered by the 
committee on award for the prizes for best 
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paper and initial paper without being for- 
mally offered for competition. All papers 
other than those presented to the technical 
program committee must, in order to 
receive consideration, be submitted in 
triplicate with a written communication to 
the national secretary on or before February 
15 of the year following the calendar 
year in which they were presented. This 
may be done by the author or authors, by an 
officer of the Institute, or by the executive 
committees of Sections, or Geographical 
Districts. 


District PRIZES 


The following District prizes may be 
awarded each year in each Geographical 
District of the Institute: 


1. Prize for best paper. 
2. Prize for initial paper. 
3. Prize for Branch paper. 


A District prize may be awarded only 
to an author who, or to co-authors of whom 
at least one, is located within the District, 
and for a paper presented at a meeting 
held within, or under the auspices of, the 
District. 

The District prize for best paper may be 
awarded for the best paper presented at a 
national, District, or Section meeting, 
provided the author, or at least one of co- 
authors, is a member of the Institute. 

The District prize for initial paper may 
be awarded for the best paper presented at a 
national, District, Section, or Branch 
meeting, provided the author or authors 
have never before presented a paper before 
a national, District, or Section meeting 
of the Institute, and the author, or at least 
one of co-authors, is a member of the 
Institute, or a Graduate student enrolled 
as a Student of the Institute. 

The District prize for Branch paper may 
be awarded for the best paper based upon 
undergraduate work presented at a Branch 
or other Student meeting of the Institute, 
the author or authors of which are Student 
Branch members. 

All papers to be considered in compe- 
tition for District prizes must be submitted 
in duplicate by the authors or by the 
officers of the Branch, Section, or District 
concerned to the District committee on 
awards on or before January 10 of the 
year following the calendar year in which 
the papers have been presented. 

Copies of a pamphlet entitled “National 
and District Prizes’? may be secured, with- 
out charge, upon application to Institute 
headquarters. 


Future AIEE Meetings 


Winter Convention 
New York, N. Y., Jan. 22-25,°1935 


South West District Meeting, 
Oklahoma City, Okla., Apr. 24-26, 
1935 


Summer Convention, 
Ithaca, N. Y., June 24-28, 1935 


Pacific Coast Convention, 
Los Angeles vicinity, Fall 1935 


Great Lakes District Meeting, 
Indianapolis—Lafayette Section ter- 
ritory (Date to be determined) 


A.S.T.M. Elects New Officers. Hermann 
Von Schrenk, consulting timber engineer, 
St. Louis, Mo., and senior vice president of 
the American Society for Testing Materials, 
was elected by its executive committee to 
the office of president on October 9, 1934, 
to fill the vacancy caused by the death of 
W. H. Bassett who died July 21, 1934 (see 
ELECTRICAL ENGINEERING for Sept. 1934, 
page 1326). The vacancy created by 
Doctor Von Schrenk’s election was filled by 
the appointment of H. S. Vassar (A’06, 
M’18) as senior vice president, Mr. Vassar 
having been elected a vice president last 
June; he is laboratory engineer for the 
Public Service Electric and Gas Company, 
Newark, N. J. A.C. Fielder, chief en- 
gineer, Experiment Stations Division, U.S. 
Bureau of Mines, Washington, D. C., has 
been elected junior vice president. 


"Science Series” 


Will Be Reprinted 


In response to the widespread demand 
that resulted from the preliminary an- 
nouncement made in the preceding issue of 
ELECTRICAL ENGINEERING, the special ‘‘Sci- 
ence Series for Engineers’? that has been 
appearing in the pages of ELECTRICAL 
ENGINEERING during the past year will be 
reprinted and made available for distribu- 
tion approximately February 1, 1935. By 
the time of its conclusion in the January 
1935 issue of ELECTRICAL ENGINEERING, 
this series will have consisted of 13 articles, 
each on one of the more important fields of | 
present day science, and each prepared by an 
authority in the field discussed, and each 
fully up to date as of the month of publica- 
tion. 

The booklet will comprise between 80 and 
90 pages (8!/2 X 11 inches) substantially 
bound and covered. Such a booklet should 
be of particular value to the practicing 
engineer, the recent graduate, the engineer- 
ing student, and the future study of en- 
gineering subjects, as it will afford an 
authoritative digest of important current 
developments in several fields of science 
closely related to electrical engineering. 
Although most of the advance requests re- 
corded to date have come as individual 
orders, several inquiries for quantity lots 
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mined upon the basis of the total number of 
orders that have been filed with the A.I.E.E. 
editorial department by Monday, January th 
1935. For convenience, an order blank 
appears in the advertising section of this 
issue. 


have been received from colleges and 
universities where it is contemplated that 
the reprint will be required reading for 
technical students. 

Although the issuance of the reprint is 
assured, the number printed will be deter- 


American Engineering Council— 
And Its Relation to the Institute 


SUPPLEMENTING other articles recently appearing in ELECTRICAL ENGINEERING 
which serve to acquaint the membership of the Institute with its activities, interests, 
and inner workings (such as the 3 articles referred to in the ‘“‘membership” item on 
page 1664 of this issue) the following comments on American Engineering Council and 
the interrelation between Council and the A.I.E.E. are offered. This article was prepared 
by Dr. J. B. Whitehead (A’00, M’08, F’12, and Life Member) junior past-president of the 


respective engineering societies. 

The question is no new one. Through- 
out the years, these 4 founder societies have 
frequently coédperated with each other in 
matters of common concern, particularly 
in those involving material interests, 
through joint committees or other bodies 
with greater authority, such as United 
Engineering Trustees, American Standards 
Association, and others. These bodies 
however, exist for the specific purposes, 
such as the operation of the Engineering 
Societies Building, the Engineering Socie- 
ties Library, and other matters of similar 
nature. They are not empowered to speak 
for the profession as a whole on matters of 
either professional or public interest or 
import. However, the founder societies, 
together with others throughout the coun- 
try, have set up one joint agency which, 
through its original charter and subsequent 
development, in some measure meets the 


Institute: 


AMERICAN ENGINEERING COUNCIL 


American Engineering Council was 
founded in 1920 with the object “‘to further 
the public welfare wherever technical and 
engineering knowledge and experience are 
involved, and to consider and act upon 
matters of common concern to the engineer- 
ing and allied technical professions.’’ It 
includes in its membership about 20 
national, state, and local engineering socie- 
ties. Its headquarters are in Washington, 
D. C., principally because one of its recog- 
nized duties is the offering of advice and 
assistance in the formulation of legislation 
involving engineering enterprise, and fur- 
ther because of the opportunities thereby 
offered for contact with various depart- 
ments of the National Government which 
are commonly engaged in undertakings in- 
volving engineering advice and services. 
Two distinctly definite purposes are in view 
in these relationships. The first is that the 
engineering profession may be advised 
promptly of all legislation which may pos- 
sibly affect the profession as a whole as 
well as its individual members, and second 
that the profession may make readily 
available to the Government, not only pro- 
fessional advice when such is desired, but 
also may have a rapid medium of exchange 
of information as to where engineers are 
needed and where suitable competent engi- 
neers may be obtained. 


DESIRABILITY OF A CENTRAL ORGANIZATION 


There are approximately 150,000 engi- 
neers of recognized professional stand- 
ing in the United States; if those in sub- 
ordinate technical positions be included, the 
number is more nearly 225,000. It is a 
remarkable and very unfortunate fact that 
this great body of professional men, having 
many interests and ideals in common, have 
not yet set up a central organization repre- 
sentative of the engineering profession as a 
whole, which is qualified and authorized to 
speak for it on matters of public interest. 

The reason for this condition is that the 4 
great national societies of civil, mechanical, 
mining and metallurgical, and electrical 
engineers were founded in an earlier period, 
in which the relationship of engineering 
undertakings to civic and national affairs 
was less important. Each of them has 
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need of a single agency which concerns itself 
with the interests of the profession as a 
whole, and provides at least a forum and a 
medium for the discussion of the manifold 
inter-relationships in modern life among 
the engineering profession, the individual 
engineer, and the public welfare. The 
name of this body is American Engineering 
Council. 


grown independently and in its own field, 
because the special aims of each are the ad- 
vancement of the respective technical arts, 
and the elevation within those arts of 
professional standards. Nowhere ap- 
parently within the vision of the founders of 
the national societies, nor in their constitu- 
tions, is there evidence of a belief that ques- 
tions arising in a future complexity of the 
relations of industrial enterprise to civic and 
national economy and government, should 
be directly attacked independently by the 


OTHER OPPORTUNITIES FOR COUNCIL 


Thus American Engineering Council 
has many .other opportunities and duties 


A “Million Dollar Car’’ 


Asour 5 years ago a fund was made available through the efforts of the Electric Railway 
Presidents’ Conference Committee for the development of an improved type of street car. 
The result of the research work, carried on under the direction of Dr. C. F. Hirshfeld 
(A’05) of Detroit, Mich., is the car pictured here, which cost upward of $1,000,000 to build. 
This car, one of 4 designed as the outgrowth of the research work of the committee, incor- 


porates many innovations in design. The car is practically noiseless, due partly to the 
resilient type of wheel obtained by the use of steel parts interlocked with rubber. Trucks 
are specially designed, rubber springs being used. In the construction of the body, a newly 
developed alloy corrosion-resisting steel known as “‘cor-ten” has been used, and welding is 
used extensively. The weight of the complete car is approximately 31,000 pounds, and it 
seats 50 passengers. Forced ventilation and indirect illumination are used. Among the 
unusual features of the car are its extremely rapid but smooth starting and stopping, it being 
claimed that the car can get under way 10 to 15 per cent faster than the most modern type 
of automobile. This is particularly important in maintaining high schedule speeds with 
frequent stops in congested traffic. The committee under which it was developed is com- 
posed of the leading executives of some 25 of the larger street railways in the United States 
A number of the larger manufacturers of cars and equipment codperated with the committee 
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beyond those outlined in the opening para- 
graph above. It is within its proper 
province to develop discussion of any 
matter of public interest involving engineer- 
_ing services. Its annual reports, abstracts 
from which are published from time to 
time in ELECTRICAL ENGINEERING enumer- 
ate many instances of this type of activity. 
The wide range taken by these discussions is 
indicated by the list of special committees of 
of the Assembly, of which there are 12 or 
more active at present. Among these may 
be mentioned, as illustrating the scope of the 
Council’s interests, the committees on ad- 
ministration of public works, communica- 
tions, engineers water power policy, flood 
control, patents, relation of consumption, 
production and distribution, and the like. 
During the past year a number of questions 
were referred to the Institute, the proper 
study of which would involve far more time 
than could be given to them under the 
Institute’s voluntary committee system, 
and which in general did not fall within the 
scope of the Institute’s normal types of 
activity. Three such instances were: the 
effect of the N.R.A. codes on the profes- 
sion, employment conditions for engineers 
imposed by the federal government, federal 
public works policies involving govern- 
mental competition. Such questions, al- 
ways important not only to the electrical 
engineer, but to the profession as a whole, 
are frequently arising from both within and 
without the Institute. They are com- 
monly referred to American Engineering 
Council. Council has always attacked 
such questions effectively. In many cases 
satisfactory action or answer have re- 
sulted. In others of more permanent 
nature, the interests of engineers are being 
constantly protected through the furnishing 
of information, or the dignified advocacy of 
the rights of engineers as based on the high 
principles of the profession. 


Councit Coup BE MapgE More 
VALUABLE TO THE INSTITUTE 


From the foregoing it will be seen that in 2 
of its functions American Engineering Coun- 
cil should appeal especially to members of 
the Institute. First it is the only existing 
agency properly authorized for joint dis- 
cussion and utterance on matters of interest 
to the engineering profession as a whole. 
With comparatively slight modification in 
organization, Council could probably be 
converted into the ideal body for this 
purpose. The second effective service being 
rendered by Council to members of the 
Institute is in its concern for the material 
and economic welfare of the individual 
engineer. This is one of its normal func- 
tions. Instances of activities of this type 
have been indicated above. Questions in- 
volving the welfare of the individual electri- 
cal engineer also frequently arise both within 
and without the Institute. They are 
referred to American Engineering Coun- 
cil as one of its prime concerns. For these 
and other reasons the board of directors of 
the Institute has indicated by repeated 
action that it believes that American Engi- 
neering Council should be supported and 
developed. The method for this develop- 
ment is through the joint and proportionate 
coéperation of the various engineering 
societies of the country, with the enthusias- 
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profession. 


tion. 


interests. 


Concerning the Nature of Things, William 
Bragg. Harper, 1925. A simple account, 
with many photographs, of the properties of 
atoms, and of the nature of gases, liquids, 
and crystals. Author is a pioneer in X ray 
work. 


History of Science and Its Relation to Phil- 
osophy and Religion, W. C. Dampier-Wetham. 
Macmillan, 1929. Evolution of scientific 
thought and research from dawn of history in 
Babylonia and Egypt, through the specula- 
tions of Greece, and past the blind alleys of 
the Middle Ages to the present. 


Origin of Species, Charles Darwin. Apple- 
ton, 1900. The preservation of favored 
races in the struggle for life. Contains 
additions and corrections from the sixth and 
last English edition. Is not speculation, but 
evidence of what actually is. 


New Conceptions of Matter, C. G. Darwin. 
Macmillan, 1931. Originally a series of lec- 
tures at Lowell Institute, Boston. Author is 
Tait Professor at University of Edinburgh. 
Book presents the broad features of the new 
theoretical physics in nontechnical terms. 


The Nature of the Physical World, A. S. 
Eddington. Macmillan, 1928. Takes up 
both relativity and the quantum theory and 
traces the effect of modern concepts on free 
will and deterininism. 

Philosophical Basis of Biology, J. S. Haldane. 
Doubleday, Doran, 1931. Object of this 
volume is to present the theoretical basis of 
the nature of life which ‘“‘biological observa- 
tion seems to force upon us.’’ Lectures were 
given under Donellen Foundation at Trinity 
College, Dublin. 

Mysterious Universe, Sir James Jeans. 
Macmillan, 1932. A discussion for the lay- 
man of our relation to the universe. Man’s 
increased knowledge has resulted in a new 
formulation of this problem which has inter- 
ested philosophers for thousands of years. 
Presentation is simple and lucid and, of 
course, authoritative. 

Human Life as the Biologist Sees It, Vernon 
Kellogg. Henry Holt, 1922. For the lay- 
man. Interprets in simple language what 


A Reading List for Junior Engineers 


A LIST of books recommended for reading by junior engineers has been pre- 
pared by a number of eminent men, many of them distinguished in the engineering 
Systematic reading of worth while books adds breadth and vision 
to the background of an engineer and should be considered a part of the intellec- 
tual development designed to fit the young engineer for full professional recogni- 


Instead of offering the entire list to the readers of ELECTRICAL ENGINEERING 
at one time, it is felt that its purpose will be served better if only a few books are 
mentioned each month. Accordingly, the suggested books which fall under the 
classification of ‘‘Natural Science” are presented herewith; books on other sub- 
jects, such as philosophy, economics, sociology, psychology, business and in- 
dustrial management, literature, history, biography, travel, fine arts, and a 
general list are scheduled for publication in subsequent issues. 

The list has been prepared on the basis of a generally accepted classification. 
It includes more than 100 titles, and it is suggested that over a period of about 
4 years a minimum of 25 of these books might be selected and read, with the 
limiting recommendation that the selection made will include at least one book in 
each classification, preferably in accord with the individual engineer’s most vital 


Natural Science 


science teaches about mankind in its rela- 
tionship to origins, heredity, everyday life, 
death, the soul, and the future. 


The Living Past, J. C. Merriam. Scribner, 
1930. A study of evolution from plant and 
animal life as indicated in footprints, bones, 
leaf imprints, skeletons, and other remains 
found in various parts of the country. 


Grammar of Science, Karl Pearson. (Lon- 
don) A. & C. Black, second edition, 1900. 
Exposition of the meaning of scientific law. 
Interesting questions and analogies. Much 
destructive criticism of earlier scientists. 
This latest edition contains 2 new chapters: 
one on contingencies and correlations, and 
another on modern physical ideas. 


What Industry Owes to Chemical Science, 
R. B. Pilcher and Frank Butler-Jones. Van 
Nostrand, 1931. A fine résumé of advances 
made in metallurgy and manufacture and 
various commodities and the application of 
scientific research. Very readable and most 
compact and a convenient history of indus- 
trial chemistry, 


Man and Metals, T. A. Rickard. McGraw- 
Hill, Whittlesey House, 1932. A history of 
mining in relation to the development of 
civilization from prehistoric times. The 
author is an authority and the book full of 
information. 


Flights From Chaos, Harlow Shapley. Mc- 
Graw-Hill, 1930. The reader will find it 
valuable whether he knows little or much 
about astronomy. A good stretching exercise 
for the imagination. 


Modern Science, Sir J. A. Thomson. 
nam, 1930. The author discusses this ques- 
tion: Will the teachings of astronomy and 
science change our outlook on the universe 
as a whole, and the meaning of human life? 
Book is valuable as a means of provoking 
thought. 


Geography, H. W. Van Loon. Simon and 
Schuster, 1932. Popular geography, em- 
phasizing the human interest side of the 
world we live in. Discusses why we live 
where we do, where we came from, and what 
we are doing. 


Put- 


tic support of their respective memberships. 
At present, the annual appropriations of the 
supporting founder societies to American 
Engineering Council are only about 1/3 
their average value over a number of years 
up to 1931. Desirable activities for Ameri- 
can Engineering Council are correspond- 
ingly limited. The present appropriations 
should be increased if the full value of the 
Council is to be realized. 


T.V.A. Orders Gas-Electric Locomotives. 
On what is reported to be their most im- 
portant engineering project to date, the 
Tennessee Valley Authority is using 4 
10-ton Plymouth-Westinghouse gas-electric 
locomotives to haul the nearly 1,000,000 
cubic yards of concrete which will be re- 
quired for the Norris Dam. The locomo- 
tives haul Insley concrete cars from the 
concrete mixing plant and operate the 
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motors to tilt the 4 cubic yard skips into the 
hand dump concrete buckets on the cable- 
ways spanning the valley and covering the 
entire dam, spillway, and power house area. 
The gas-electric generators on the locomo- 
tives supply the power for all of these 
operations to the buckets at the dam site. 
These 12 foot long locomotives are powerful 


Services of Engineering 


and fast. The starting tractive effort with 
25 per cent adhesion is 5,000 pounds; con- 
tinuous tractive effort is 1,650 pounds. 
With a maximum safe speed of 23 miles per 
hour, the locomotive has a free running 
speed of 15 miles per hour and a 10 mile 
per hour speed when operating at the con- 
tinuous tractive effort rating. 


Societies Library Available 


Ture is a large group of engineers who 
cannot visit the Engineering Societies 
library because of distance or lack of 
time. Therefore the library maintains a 
“service bureau’? to make available to 
each engineer the information he needs. 
This bureau searches for information on 
all phases of engineering, suggests books or 
magazine articles, prepares bibliographies 
tells what is in the bibliographies by means 
of abstracts, supplies photoprints of mate- 
rial in the library, and makes foreign 
language publications usable by providing 
accurate translations. 

The services of the bureau range from 
suggesting a book or 1 or 2 articles on a 
given subject to the preparation of exhaus- 
tive bibliographies for use in engineering 
projects or in patent litigation. A loan 
collection of modern American engineering 
books is also maintained from the conveni- 
ence of members of the 4 national societies 
of civil, mechanical, mining and metallurgi- 
cal, and electrical engineers, and contribut- 
ing societies. The investigations of the 
bureau are not limited to the extensive 
resources of the Engineering Societies 
Library. Engineering Societies Library 
searchers have access to all libraries in New 
York City and use them to answer ques- 
tions in fields more or less related to engi- 
neering. 

More than !/3 of the total number of 
people using the library each year cannot 
visit it in person, and as a part of the 
Engineering Societies Library, the service 
bureau has served engineers in every state 
of the United States as well as in more than 
50 foreign countries. 


BIBLIOGRAPHIES 


When bibliographies are furnished by 
the service bureau the mere possession of a 
list of books and articles may not solve the 
engineer’s problem. He will probably need 
the information to be found in literature, 
rather than a mere list. Thus it has been 
necessary to extend the work of the service 
bureau so as to offer approximately the 
equivalent of a visit to the library. When 
bibliographies are compiled a note is ap- 
pended to each article explaining what it is 
about, so that the recipient of the bibliog- 
raphy can tell whether he needs to read a 
given article as a whole, in part, or not at 
all. When he has determined what articles 
he should read, if he cannot obtain them at a 
local library, he may send a list of them to 
the Engineering Societies Library to have 
photostatic copies made. The library is 
equipped to supply photoprints of all mate- 
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rial on file. But even the possession of an 
exact copy of an article may be insufficient 
if the article is in a foreign language. In 
such cases the service bureau supplies exact, 
technically accurate translations. 

It is to be noted that the service bureau 


has on file more than 4,000 bibliographies 
already made up on special engineering sub- 
jects. Any of these may be procured by 
paying a moderate copying charge. As an 
example of the type of material contained 
in these lists, some of the bibliographies on 
various aspects of electrical engineering are 
listed in table I. . 

Some of the other electrical engineering 
subjects covered or partially covered by 
bibliographies already compiled and in the 
files are: Accelerator tubes, arc furnaces, 
are rectifiers, arc welding, arcing rings, 
artificial electric lines, batteries, copper 
wire, dielectric constants, electric arcs, 
electric automobiles, electric boilers, elec- 
tric cables, electric cells, electric condensers, 
electric conductivity, electric conductors, 
electric conduits, electric cooking, electric. 
distribution, electric drives, electric eleva- 
tors, electric furnaces, electric galvanizing, 
electric generators, electric heating, electric 
lamps, electric lines, electric locomotives, 
electric machinery, electric meters, electric 


Table I—Examples of Type of Subjects on Which Bibliographies Are Already on File 


Number 
of 
Search Refer- Cost of Dates 
Number ences Copy Subject or title of list Covered 

8874.6 28. 8 S1L.505.5 5, Rowerfactors praia ionsem arent emcee on eee heuer te memeeaere 1913-1923 
4032). 5. .188'5..0.5:00%7..3.; Miuscle:Shoals cs. oan a aiajlecatevetoteleten arate rants piewayeneneteretcatncleNeleiey tereratorane 1916-1925 | 
4566....522....15.00....Interconnected networks (not annotated) .............:...-+--- 1918-1930 
4380.... 15.... 1.25....Auiematically controlled hydroelectric power stations........... 1923-1927 
4556. 3.5, 400.50 1.752... Hlectric power plants) janie othe coe ett e na eens ene eres 1927-1930 
3921.... 76.... 5.00....Ventilation and temperature rise in electric machinery.......... 1901-1924 
3707.....452.....19.50, .. «Power lossesiin' electric machinety ot. - 4.0) ee ee ee 1885-1922 
452 (aaeelosns. 100... Prevention of frosting im celayss 1nOLOLs,; (et Cini nite 1904-1927 
4019 W750 20's, « e001 bhird brush: penerator, an Okay ree eee ier ree eee 1913-1920 
3295.... 16.... 1.50.... Designing and testing fractional horsepower motors ............ 1901-1918 
4525.52: 18... 1.25... :).Single-phase synchronous motors) 2 ssn eee eee ee 1913-1928 © 
4071.... 32.... 2.25.... Magnetic leakage in induction motors ..............------++-- 1903-1925 
4638 Neu nen 0.50. ..shaded pole a-cindtction motors | eee acne een eine 1898-1931 
S223 LOS. 3-1 900s. +E lectrolyticirectifierss, sass nite ere rene ee eee 1866-1926 
4263... (8.42.00. 70... - Wind pressure on transmission! lines) +54. eee 1920-1925 
42610 saw 11. io 0. Toa. Lceion transmission linesi aya tan a ee acne ea 1917-1926 
3650555 66. «.715.005..:;. Rubber insulated wite scenic: oblate een ee 1895-1922 
439U ms 13. onn 125-14 OFnosion of 1undergroundilead cable yeti ee ene nie . .1907-1928 
4358....109.... 7.00....Underground transmission and distribution ................+++ 1922-1927 
3941... 36... 2.25... ..udeatingiof, buriedelectric cables 45-01) eee eae eee 1900-1923 
S599 ewe 212.5. 150... Copper/conductors wn eee rede ee io ene ee 1911-1921 
3772....358....11.00....Iron and steel electric wire and cables ..............0..s+e0eee 1838-1924 
4444... 21... 1,25... lmpulse breakdown tests on dielectrics, 1...) 58h arene 1900-1928 
$259°-7. (O07 10n7d. . a oludging test foritransforimer ofl.) 1) eee ae een 1911-1920 
AAS Scr | 0 oe) 0,50 = OXY gen um insulating oils memes aii ae eee einer 1913-1928 
2755.... 48.... 3.50....Materials for molded insulators, excluding porcelain............ 1910-1919 
3054.00. 75s, 0.475... 4), SUSpension) insilatorsn \ ssn fon ceed ee 1912-1920 
4568.... 28.... 1.25....Transmission line masts (not annotated) ............eeeeeeeee 1925-1930 
3638.... 10.... 0.75....Stresses in steel towers for transmission lines ..............+--- 1910-1921 
3867.... 61.... 4.00....Steel towers for transmission lines ........-...eeeeeeeessseees 1891-1912 
2126)5...- 2600... 1.175)... D-c vs. a-c forurban distribution yee a meee eee 1896-1918 
4648-49). 25021 High) voltagersubstations sy. ee aes me ceed nn en eee 1927-1931 
4477... 6.... 0.50:. , Storage batteries in substations)... ern eee 1926-1928 
2820S. 18.5 4". 1550. «.VRheostats 2280.6 yen hin ee ate ee ee 1912-1918 
450400 76058 2°80. 2... Lightning arresters |e. jon 2. Se ee 1924-1929 
484400018... 100.0002 Areing rings) « «1.1, 0, Cotes v velotuentaetrotatnen ae et ee 
4180.... 12.... 1.00....Ground wires for overhead transmission lines..........++..s+-. 1913-1925 
3830.1. 5v14s.:%) 15005... Braun: tibeoscillograph: 4. peng. ae ee 1897-1923 
4015.... 15.... 1.00....Design and construction of solenoid type: masnets Jinn a ereers 1911-1924 
4637. -.. 54.... 3.50....Lifting magnets (American literature only) ...........-2..0-0- 1832-1929 
4247 20)... 31.16. 2.00)... Blectrolytic conderiserss enn atte eee ee 1908- 1931 
4595.\.-. 28....° 1.50. 0. .Neon'tubes, Stat veg. onne din co el eee 
3589....156.... 5.00... .Electrification of railroads (not: annotated) Mace eee 1913-1921 
4326... 43... °3,00.... .Diesel-electric locomotives. 2) 0.20) Un eee oe 1927 
3324.... 69.... 6.00.... Advantages of electric drive in indtistry® iyoer rye eee eee 1916-1920 
3155... 81. «2; 505.0% Gasibatkoties Pug. aiy | «ches Dee eee ae 1839-1913 
eer SoS Usa, TESS oe - Manufacture of storage batteries. “tg eae 1902-1917 
3418.... 38.... 2.00....Design and manufacture of lead storage batteries) Fase eines 1911-1921 
3865.... 13.... 0.75....Electrochemical and electrothermal Pprocessesn).s as ..-n sae 1910-1923 
S1AQ: sos On ee O20 Acc electrolysis. |t.c0uhics, hyn a ee 1907-1921 
1343.... 15.... 1.00..,.Electricity direct from heat ......:-......... 1+... Mee es, 1894-1904 
4400.... 6.... 0.75....Thermocouple electric generators./s.!o. cy ee 1910-1925 
2907. -.. 64.... 4,00....Electric heating and ooking ho oh ak ees do A ee 1916-1920 
2957.... 33%. 2.00... . Electric resistance furnacesi, ssn. dn el ee 1914-1920 
4087..... 49.«,-"8.80.5,.Selenitum cells 4 davai. latin hy ot ee ee 1903-1916 
4651... 8.... 0.75....% fay transmission and reception |...) 0. 9G 1923-1930 
2116.... 55.... 2.50.,..Poulsen’s telegraphone ........................ 0... 1899-1908 
2758.... 91. . 3.50.... Inductive interference between power and telephone circuits... “1887-1919 
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motors, electric plowing, electric power 
plants, electric prospecting, electric rail- 
ways, electric rates, electric shock, electric 
trucks, electric welding, electric wires and 
wiring, electricity, electricity from heat, 
electrification of railways, electrodeposition, 
electrodes, electrolysis, electrolytic conden- 
sers, electromagnets, electron tubes, founda- 
tions for electric machinery, frequency 
changing, frosting of electric machinery, 
glow lamps, grounds, high frequency cir- 
cuits, high voltage transmission, hydro- 
electric plants, hydroelectric power, in- 
candescent lamps, induction motors, induc- 
tive interference, insulating materials, in- 
sulating materials, insulators, interconnec- 
tion, interference, lamp sockets, lamps, 
magnetic clutches, magnetic permeability, 
magnetic separation, magnetic testing, 
magnetism, magnets, mica insulation, mo- 
tors, neon tubes, radio, railroad signals, 
rectifiers, relays, remote control, resistance, 
resistivity, resistors, rheostats, rotary con- 
verters, selenium cells, substations, teleg- 
raphy, telephony, Thury electric trans- 
mission, transformers, transmission lines, 
ventilation of electric machinery, watt-hour 
meters, wave filters, welding, wire, wired 
wireless, X ray testing, X rays. 

Any of these bibliographies may be 
brought up to date or extended as far back 
as may be required. Estimates for such 
work will be furnished by the library on 
request. Ifa problem is not covered by one 
of the bibliographies on file, the service 
bureau will gladly try to find the informa- 


tion needed, and if that cannot be done 
within the time available for free work it 
will advise the member of the need for a 
search and its probable cost. 

The resources of the Engineering Socie- 


A.S.T.M. Reports on 


ties Library are thus made available to 
engineers everywhere. All services are 
rendered at cost. For information com- 
municate with the Engineering Societies 
Library, 29 West 39 Street, New York, N. Y. 


Electrical Research Activities 


ly A supplement to the A.S.T.M. Bulletin 
for October 1934, there were reviewed in 
brief 51 A.S.T.M. committee projects 
“initiated primarily to extend and amplify 
the knowledge of the properties of mate- 
rials,’’ and 63 committee projects ‘devoted 
to methods of testing in connection with 
which there are conducted investiga- 
(BOWS a oral that may lead to the preparation 
of standard test inethods...... ” Among 
the latter 63 items were the following 10 
under the jurisdiction of A.S.T.M. commit- 
tee D-9 which are reflected here because 
of their probable interest value to electrical 
engineers in particular: (these summaries 
include “information not otherwise gener- 
ally available except after laborious refer- 
ence to reports of 60 research, joint, and 
standing committees.’’) 


Tests of Insulating Varnishes. Investigation and 
development of the following methods for varnish 


Control Board of Radio City Music Hall Stage 


Many of those who will attend the Institute’s 1935 winter convention to be held in New 
York, N. Y., January 22-25, will visit the International Music Hall at Radio City. The 
control board for the stage of this theater is shown here; from this point on the stage, the 
mechanism of what is reported to be the world’s largest stage is operated. Three giant hy- 
draulic plunger elevators that can be lowered 30 feet below stage level and raised 15 feet 


above stage level make up the huge stage. 
stage. 


Built into all 3 elevators is a sectional revolving 
Thus, when the 3 stage elevators are locked together electrically, they travel as 


one elevator with revolving stage working while the elevators are going up or down as a unit. 
The control board of the huge contour curtain that masks the proscenium is also shown, 
illustrating the method of gaining any contour desired by presetting the 13 push buttons 
controlling the 13 motors that raise and lower the curtain. 
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films: hardness and oil resistance; acid and al- 
kali resistance; and insulation resistance. See 
preprint, 1934 report of committee D-9. 


Tests of Saturant Varnishes. Studies of such 
properties of saturant varnishes as impregna- 
tion, internal drying, bonding strength, and di- 
electric strength when the varnish is used as an 
impregnating medium in cotton fabrics. Work 
recently undertaken; not yet reported upon. 


Tests of Molded Insulating Materials. Investi- 
gation of methods of measuring impact fatigue of 
molded phenol plastics, and studies of dimensional 
tolerances suitable for phenol plastic impact test 
specimens and of the effect of moisture content on 
impact and transverse strength of phenol plastic 
test specimens. Investigation of the effect of the 
type of mold used on the physical strengths of 
plastic molded test specimens. Also tests for den- 
sity and particle size of molding powders and plas- 
ticity and cure tests. Improvements in impact 
specimens prepared; also methods of testing mold- 
ing powders used in manufacturing molded elec- 
trical insulators developed, see preprint, 1934 report 
of committee D-9. 


Tests of Insulating Papers and Fabrics. Investi- 
gation and development of methods and apparatus 
for testing insulating papers, as follows: Procedure 
for measuring thickness; instruments for determin- 
ing tearing strength and folding endurance; tests 
for moisture in impregnated cable paper; acidity 
tests; air resistance of insulating paper and effect 
of humidity on dielectric strength of varnished 
cambric, Methods for thickness and folding en- 
durance developed also specifications and tests for 
varnished cloth tape and flexible tubing, see pre- 
print, 1934 report of committee D-9. 


Tests of Insulating Sheets, Tubes and Rods. The 
following studies of laminated sheet insulating ma- 
terials are being conducted: Method for determin- 
ing compressibility as a function of time; methods 
of measuring the modulus of elasticity in com- 
pression; the effect of temperature variations on 
water absorption; effect of humidity on dielectric 
strength and on flexural strength; impact fatigue 
tests, arc resistance, hardness tests, punching qual- 
ity, and insulation resistance tests; also methods of 
test for flammability and heat resistance. Indenta- 
tion hardness test using Rockwell tester developed. 
For current progress, see preprint, 1934 report of 
committee D-9. 


Tests of Liquid Insulation. Development of 
tests primarily applicable to circuit breaker oils, 
such as the determination of gas formed during 
arcover, measurement of carbon formed and pre- 
cipitated during arcover, and a rest for amount of 
water precipitated or emulsified during arcover; 
also low-temperature viscosities. Studies of the 
following tests of insulating oils: Neutralization 
value of both new and used oils;. resistance of 
insulating oils to oxidation (sludge tests), tests 
for moisture content and for saponification value. 
Consideration being given to tests for cable oils. 
Methods for sampling both used and unused insu- 
lating oils adopted. Progress reported of work on 
neutralization number and sludge tests, see 
A.S.T.M. Proceedings, Vol. 33, Part I, p. 400 
(1933); also preprint, 1934 report of committee D-9. 


Tests of Insulating Compounds. Investigation 
of methods of test for solid filling and treating 
compounds used for electrical insulation, including: 
Coefficient of expansion; determination of insula- 
tion-resistance temperature characteristics; speci- 
mens and tests for dielectric strength; also vis- 
cosity tests of high melting asphaltic compounds. 
Procedures developed for measuring coefficient of 
expansion and for power factor and dielectric 
strength, see preprint, 1934 report of committee 
D-9. 

Power Factor and Resistivity of Insulating Ma- 
terials. Development and preparation of test 
methods for measuring dielectric constant and 
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power factor of liquid insulation and of solid insu- 
lating materials. Resistivity methods for liquid 
and solid insulation adopted, also procedures de- 
veloped for power factor and dielectric strength of 
solid insulation at 100 to 1,500 kilocycles, 1,000 
cycles, and 25 to 60 cycles. See preprint, 1934 
report of committee D-9. In connection with this 
work see papers by W. B. Kouwenhoven and L. W. 
Marks on ‘‘A Comparison of the Methods for Test- 
ing Insulating Materials for Power Factor and 
Dielectric Constant at 1,000 Cycles’ and by P. H. 
Dike, W. B. Kouwenhoven, and J. B. McCurley 
on ‘‘Methods of Measurement of Dielectric Charac- 


Finding Work” 


teristics at Commercial Frequencies,”’ issued [by 
A.S.T.M.] separately. 

Tests of Mica Products. Study of methods cover- 
ing mica for capacitor manufacture and built- 
up pasted mica for general insulating purposes. 
Tentative methods prepared for grading natural 
mica and tests for pasted mica, see preprint, 1934 
report of committee D-9. 

Properties of Electrical Slate. Study of the prop- 
erties of slate for use in electrical work. Considera- 
tion being given to methods for electrical quality 
and impact tests.g No report available. 


An authoritative dissertation dealing in a practical way with 
the important problem of finding work, and keeping it after it 
is found. This article was written by Samuel S. Board, place- 
ment specialist of New York, N. Y., for the American Society 


of Mechanical Engineers. 


Because of its general interest and 


value it is republished here in full. 


] oe are very few men out of work 
today who have not made the rounds of 
companies with which they are familiar, of 
friends, and of organizations which list jobs; 
many of them have tried the methods 
which other men have used successfully; 
and yet they have not been placed or they 
have taken wholly inadequate positions. 
There is no patent method which will reach 
the needs of all of these men. The tech- 
niques of finding work have been tried re- 
peatedly, and while there may be variations 
in the end the same procedure must be 
adopted. 

No claim is made for originality in con- 
nection with the suggestions which follow. 
They involve merely a restatement of the 
whole process which must be followed in 
finding work when it isn’t easily available. 
By a careful check as to what you or any 
one else has done in attempting to secure 
work, you may find some point which you 
have overlooked or some little thing whick 
is wrong and which is enough to make the 
difference between success and failure. 

Some years ago a really able sales mana- 
ger lost his job because of difficulties in the 
company for which he had worked and 
finally came to me to check over his proce- 
dure in securing a new one. He had tried 
for several jobs and had been turned down 
in favor of Some one else each time. He 
realized that something must be wrong but 
had not been able to determine just what. 
A careful review of what he had done each 
time revealed the fact that he had passed 
the first interview with flying colors but had 
fallen down on the second. When asked 
how long this second interview usually 
lasted he replied that he stayed as long as 
the prospective employer seemed to want 


* Reprinted by permission from the November 1934 
issue of Mechanical Engineering. Copies of this 
article, reprinted in small pamphlet form, may be 
obtained from the publication sales department of 
The American Society of Mechanical Engineers, 
29 West 39th Street, New York, N. Y., at the follow- 
ing prices: Single copies, 10c; 100 copies, $9.00; 
260 copies, $15.00; 300 copies, $21.00; 400 copies, 
$24.00; 500 copies, $25.00. 
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him to—2 hours, 3 hours, or even longer. 
This seemed to be the difficulty (why, will 
be explained later), and after he had short- 
ened this interview to 20 minutes or slightly 
more, he secured the next job for which he 
applied. This may seem to be a small 
matter, but it is little things which fre- 
quently cause the difficulty. The follow- 
ing article, therefore, is presented so you 
may check your procedure against what 
might almost be called “‘standard practice.” 
If you are going to read it at all, I should 
like to ask you to read it through, even 
though some of it may seem irrelevant to 
your particular situation. 


DISTINGUISHING FACTORS 
_IN THE ENGINEER’S PROBLEM 


Despite the fact that most elements in 
the situation facing the engineer seeking 
work are similar to those facing other men, 
there are some which differentiate him from 
other groups of the unemployed. All of 
these elements will be found separately con- 
fronting some other group, but it is the com- 
bination which is certainly distinctive. 

One of the most important of these is the 
fact that the engineer is so often employed 
by the job. Of course, laborers and artisans 
and sometimes such semi-professional work- 
ers as accountants are employed in this 
fashion, but on the whole men of comparable 
grade and ability such as major and minor 
production executives, salesmen, credit men, 
purchasing agents, and so forth, work not 
by the job but for an indefinite period until 
business contracts, the organization changes, 
or they fail to grow with sufficient rapidity 
to keep up with the requirements of the 
work. This means that whereas the other 
professional or semi-professional men may 
give their attention in the main, to “making 
good” on the job, the engineer must usually 
keep his eyes open for the next job. Dur- 
ing such a period as that between 1923 and 
1929, this may he largely unnecessary, 
since the demand for men of real ability is 
greater than the supply, but even under 


such circumstances the engineer, especially 
the young engineer, may be out of work for 
a period of from 2 weeks to 3 months. Such 
a lapse is a tremendous economic loss when — 
the total time is figured. 

This problem is, of course, intensified 
during depressions. While many other 
types of workers are ‘‘carried’’ by their 
firms even when work is slack, the engineer 
is likely to be laid off as soon as the need for 
his services has passed, especially if he has 
been with the firm a comparatively short 
time. There is, on this account, an espe- 
cial reason for his attempting to work out an 
orderly method of advancement and for his 
learning the technique of selling his services 
when a change is necessary. 

For some reason—perhaps because they 
are more used to studying materials and 
processes than people—many engineers 
seem to have little understanding of the 
fact that there zs such a technique. Even 
sales engineers fail to study this question 
from a sales standpoint. The importance 
of making it a study, however, cannot be 
overemphasized. 

Back in 1928, the president of a good- 
sized Chicago company telegraphed my 
office that he would be in New York the 
following day and wanted to see 38 sales en- 
gineers out of which he would pick one. 
Three good men were corralled for him and 
were duly interviewed. Afterward, the 
one I myself had rated as best in experience 
and ability came in and said that he had the 
job. (Those were the days when employ- 
ers did not feel that they had to negotiate 
for 6 weeks or 6 months before employing 
men.) Long experience had made me skep- 
tical regarding the validity of any hiring on 
the basis of a 3/, hour interview so I asked 
the engineer how he got the job. He 
laughed and said, ‘“‘Well, I discovered in the 
first 2 minutes that. he was an enthusiast 
about small boats. I’ve handled and sailed 
them all my life, so we talked 40 minutes 
about boats and 3 minutes about the job, 
and I was hired.” 

Even though you may not think this em- 
ployer was careful enough, the man did 
understand the principles of selling and ap- 
plied them successfully. Many engineers 
either do not understand them or fail to 
use them when their own future is the sub- 
ject of discussion. 

A third distinguishing factor in the engi- 
neer’s situation is connected with the cycli- 
cal variations of business activity. Fre- 
quent reference is made to the “business 
cycle” as if the variations were the same 
for all industries, when as a matter of fact 
the curve which is referred to is a composite 
of many curves which vary in periodicity 
and intensity. A great many engineers 
are employed in connection with the heavy 
industries and the building trades. While 
some of these, at least, have longer cycles, 
the intensity of the swing is greater and 
therefore the unemployment is more severe. 
Many engineers also are employed in the 
developmental side of business and such 
work is more likely to take place during 
business rises or when money is easily avail- 
able. In mentioning this there is no inten- 
tion of suggesting that engineers should not 
engage in such work but merely that these 
conditions should be reckoned with and an 
effort made to discount them. 

This can be done in several ways. It is 
possible to specialize as to one’s major oc- 


ELECTRICAL ENGINEERING 


cupation and yet maintain sufficient con- 
tact with other types of work so as to shift 
when the times demand it. Hobbies which 
may be entirely outside the technical fields 
have provided depression occupations for 
engineers. At least 2 engineers of my ac- 
quaintance assured me that they made 
quite satisfactory incomes during the pic- 
ture-puzzle craze by cutting them out for 
the high-class shops on the jig saws that 
were a part of their home workshops. 

A sounder method, however, would be, 
I believe, for men who have worked for the 
larger companies and on larger projects to 
search out smaller manufacturers when 
times get slow and give them the benefit of 
engineering knowledge, since small plants, 
if efficiently managed, can adapt themselves 
more easily to changed conditions than can 
the larger ones and can hire experts when 
they are available, without upsetting a gen- 
eral policy. 

One Connecticut manufacturer told me 
that he saved 60 per cent of his fuel bill one 
year during the depression by putting 2 
young mechanical engineers on a job or- 
dinarily done by laborers and then getting 
them to show the others how to do it prop- 
erly. This sounds almost fantastic, but 
his plant made money that year when other 
similar ones did not. Of course, the biggest 
difficulty in undertaking to make a job like 
this, when one is not obvious, is that of ‘‘sell- 
ing’’ these small employers. Many of them 
are not so intelligent or progressive as the 
one mentioned, but it can be done. 

The differences just reviewed between 
the problem of the unemployed engineer and 
that of another educated man are not really 
so large, but they should be considered in 
devising any real attack on the unemploy- 
ment problem of the engineering group. 
Even though this is so the attack must be 
along the same general lines as should be 
followed by any man out of work. Essen- 
tially, the problem for the individual is the 
problem of salesmanship. He must first 
determine the value and uses of what he 
has to offer. Then he must find a market, 
and, finally, he must outline an advertising 
and selling campaign which will inform pos- 
sible buyers of the value of his wares in such 
a fashion as to make them pay real money 
for them. This is a simplification of the 
procedure which will be outlined in the re- 
mainder of this discussion. 


WHAT THE ENGINEER HAS TO OFFER 


As has been stated, the first step which 
must be taken in selling a man’s services as 
in selling a product is to determine what he 
has to offer. Something of an analogy is 
offered in the development and marketing 
of cellophane. According to the informa- 
tion at my disposal this was one of a number 
of products developed by the du Pont labo- 
ratories to use up the nitrocellulose left 
after the War. The government took most 
of its share out to sea and dumped it after 
caching a certain amount for future emer- 
gencies; but the du Pont company, being a 
private concern, did not feel it could do this 
and set its technicians at work to find other 
uses for it. Cellophane was one of the re- 
sults. Even after it was ready for produc- 
tion the laboratories and the sales force had 
to study its uses, alter its composition to 
meet new requirements, and determine its 
tensile strength and ability to resist mois- 
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ture. If they had not done a thorough job 
on that phase of the marketing, the phe- 
nomenal increase in its use could not pos- 
sibly have taken place. Now they even 
make women’s dresses of it. 

Let us pursue somewhat the same method 
in determining what the engineer has to 
offer. In the first place, nearly every 
trained man has 2 antithetical advantages 
in amounts which are in inverse ratio to 
each other. Either he has youth and is 
relatively inexperienced, or he is more ma- 
ture and has more experience. I suppose 
there is a middle ground somewhere in the 
early thirties when he has both youth and 
experience in considerable measure but the 
exact point of balance is hard to determine 
and is not important. Young men do come 
to me though and complain that they can- 
not get work because they lack experience. 
Older men are discouraged because (they 
say) the world is looking for young men. 
Both are wrong. The young man can find 
certain work where experience is unimpor- 
tant and the older men can find it where 
maturity and experience are assets. The 
mistake both make is in trying to reverse 
their positions. 

In the main, I think it is safe to say that 
large corporations tend to look for younger 
men, while smaller companies or new busi- 
nesses are likely to seek men of more ma- 
turity who can take responsibility rather 
quickly. However, if you are young, you 
can sell the idea of youth and enthusiasm 
and the desire to work under some one who 
knows what it is all about. 

If you are older, you can emphasize the 
value of your experience, the importance 
of your past positions, and the maturity 
and seasoned knowledge which you can 
bring to the job. 

If you must seek work outside your own 
field it will mean, of course, that you must 
break down your experience into functions 
performed, in order to discover those easily 
adaptable to other types of work. For ex- 
ample, a mechanical engineer may be 
thought of to the world outside of the engi- 
neering fraternity in terms of the construc- 
tion and operation of machines and wwer 
plants, whereas, you know that a mechani- 
cal engineer may be a designer, an operating 
superintendent, a test engineer, a sales en- 
gineer, a manufacturing executive, a pro- 
duction engineer, a research worker, and a 
lot of other things that I may not know. 
Moreover, there are designers of turbines, 
of automatic machinery, of fine tools, of 
automobile and airplane engines, and an 
almost infinite variety of machines and prod- 
ucts. All these different types of work in- 
volve variations in interest and ability 
which can be used in describing your abili- 
ties along other lines. I do not mean to 
infer, of course, that what you have done in 
the past limits what you may do in the fu- 
ture, but the experience and abilities you 
know you possess may at least be used as a 
means of transition and should be so used. 

Many men who are forced to seek work 
outside their immediate field try to make, 
as they say, a clean break and secure some- 
thing which is entirely unrelated to what 
they have done before. Even though this 
may be a natural reaction it is an expensive 
method, since it usually means taking a be- 
ginner’s wage. However, if you are willing 
to take a job in which some of your former 
experience can be used you can obtain sub- 


stantially more and then later on take an- 
other step farther away and continue that 
process until a satisfactory occupation is 
reached. 

In any event the only common denomina- 
tors between jobs are the activities which are 
involved in these jobs. Any man who can 
do fine work with tools in one line can prob- 
ably do similar work with difficult tools in 
another line. A person who is used to as- 
sembling and interpreting data can, at least 
with some training, take up this activity in 
another field. A man who is used to han- 
dling workers in one type of factory will 
not have much trouble learning to handle 
people elsewhere. Have you thrived best 
where action was involved? Seek action 
in a new job. Some day a dictionary of 
work functions will be prepared and then 
the task will be simpler. Meanwhile we 
must interpret our own past activities in 
terms of new jobs, just as we would describe 
what a product would do. 


IMPORTANCE OF APPEARANCE 


The next most important phase of the 
study we are making is that having to do 
with what compares to the appearance, 
fiber, form, and shape of a product. In 
other words we must be prepared to describe 
the physical and mental equipment, the ap- 
pearance, and the personality of the man in 
question. It is much more difficult for a 
man to do this for himself than for him to 
describe and study his experience or his 
specific work aptitudes. Yet it must be 
done since no job specification is written 
without including some of these factors, and 
to determine whether we meet these quali- 
fications we must have some idea as to just 
what specifications we can meet. 

It is also important as a preparation for 
the interview by which we may attempt to 
sell our services. In any such interview, a 
good share of the impression we make will 
be governed by what is termed our person- 
ality. This intludes general appearance, 
clothes, voice, language, timidity or aggres- 
siveness, and responsiveness to ideas. Of 
course, there are some things in this cate- 
gory that we just cannot change and these 
are the points on which men are prone to 
dwell in their own thinking. After we are 
20, for instance, we can’t add to or detract 
from our height, and most of us haven’t 
come to the point, even if some bandits and 
the ladies have, of employing plastic sur- 
geons to alter our faces. We can, however, 
even with limited means, be sure that our 
clothes are suitable and in order, that we 
look well-groomed, that our expression is 
alive, our faces mobile, our voices resonant, 
and our bearing alert. 

Some engineers seem to feel that paying 
attention to personal appearance smacks of 
the beauty parlor, but that is all tommyrot. 
Being sure your appearance is suitable is 
what counts. It wouldn’t be safe to go out 
on many engineering jobs wearing spats and 
carrying a cane, but these accouterments are 
an advantage on some jobs. Neither is it 
suitable to apply for an office job looking 
like a tramp or to ask for work on a relief 
project looking like a million dollars. One 
of the most pathetic stories of the depres- 
sion has to do with an instance of this. It 
seems that an elderly clerk, who had worked 
for years in the financial district only to be 
laid off in the early part of the depression, was 
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literally destitute. He and his wife were 
starving when some one told him about a 
relief job that he might get the next morn- 
ing. By this time his clothes were rather 
shabby but his wife sat up all that night 
sponging and pressing his only decent suit 
so that he would be presentable: She did 
too good a job, however, because when he 
applied for the relief job he looked so pros- 
perous that they would not believe that he 
needed help and refused to do anything for 
him. 

You really must dress and act the part in 
applying for any job, and the first step in 
doing this is to appraise your usual appear- 
ance, your personal assets and liabilities. 
It is comparatively easy to compensate for 
or remove liabilities and it gives you so much 
more confidence if you are aware of your 
assets. 


MAKING A PERSONAL APPRAISAL 


There is one great danger in this matter 
of personal appraisal and that is the possi- 
bility of its degeneration into introspection. 
This will be very likely to happen if you try 
to assemble all these facts you have been 
gathering in your head. It just cannot be 
done properly that way. While you are 
considering one set of facts, another will be 
disregarded, and vice versa. The only safe 
way is to organize it carefully on paper. In 
order to make this easier an account is given 
of just how this recording may be done. 

Let us start with your experience. I 
should prefer to start with the personal quali- 
fications just mentioned, but it is a little 
easier, apparently, for most men to start the 
other way. In listing your experience take 
it in the reverse order, starting with what 
you have just been doing and working back- 
ward. Put down what you did, the firm’s 
name, the length of your stay, and the range 
of salary you received. Then break down 
the jobs and list the various activities in- 
volved—whether you hired men, laid out 
work, figured costs, did a certain kind of de- 
signing, or what not. If your experience 
has been diverse enough, you may find it 
desirable to rearrange these bits of expe- 
rience and find out just how much time you 
have spent in each activity. 

If you are younger or had an interesting 
and varied school experience, it may pay 
you also to go back and analyze that in the 
same way. Perhaps there were abilities 
uncovered then which you have not used 
since. The same procedure should be fol- 
lowed for your avocational and family in- 
terests. Try to remember your activities 
along all these lines in 19383, 1932, 1927, and 
1925, for instance. Throughout this whole 
analysis a keen watch should be kept for 
trends in experience and avenues of growth. 
The possibility of finding these is one reason 
for arranging the data in chronological order. 

Next, your personal characteristics should 
be described in as objective a way as pos- 
sible, depending more upon what other 
people say about you than upon your own 
estimate. Of course, your mental assets 
can be gaged in some measure by your scho- 
lastic record and the recognition you have 
received since. It isn’t wise to ignore your 
important liabilities, but emphasis should 
be kept on the positive side. 

You should then have a pretty good pic- 
ture of yourself and what you can do best. 
The next thing is to decide what types of 
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work you would like in the future and under 
what conditions. There may not be much 
difference between some of them, but it 
makes it easier to grade them as to desira- 
bility, when possible, and put it all down on 
paper. 

Of course, none of these may be possible 
immediately and they may not even exist 
as jobs. Menhave come in tome and spent 
several minutes describing the sort of work 
that they desired and then I have had to 
tell them in the end that the job just did not 
exist as far as I knew. They have simply 
made a synthetic job out of their desires. 
You will be able to determine this for your- 
self if you will leave the personal question 
for a while and consider what functional 
types of work are open. Since we are con- 
cerned at the moment with engineers, I 
shall try to discuss the markets for the ser- 
vices of engineers even though this must be 
done in general terms. 


TYPES OF WoRK OPEN TO ENGINEERS 


It is easy to talk about engineers as if they 
were a peculiar race of men, set apart some- 
how and separate from the undistinguished 
rest of mankind, but I refuse to treat them 
that way. To me they are much like other 
men. They have the same domestic prob- 
lems, the same desire for power and for 
money, the same urge to serve their fellow- 
men that others have. They may have 
these in degrees which vary from the de- 
grees which others have them but in general 
they are just people, despite their scientific 
training and the wizardry which they some- 
times seem to others to possess. So, also, 
the work that they do does not vary greatly 
from the tasks that occupy other people. 
In fact, they enter all sorts of occupations 
and professions. I know men trained as 
engineers who are accountants, lawyers, 
salesmen, artists, politicians, and, I think I 
might add, ministers. Some of them have 
discarded engineering as a profession but 
many have merely combined it with other 
activities. Nevertheless, there are certain 
types of work in which engineers are ordi- 
narajzfound, and, if we are to discuss at all 
adéquately the opportunities for engineers 
seeking work, it seems the obvious thing to 
do to cover this better known ground first. 
I propose to do this on a functional basis 
instead of using the usual method of divid- 
ing the varieties of work according to the 
engineering degrees of the men who most 
commonly undertake these tasks. 


Gettinc TuIncs DoNE 


Suppose we consider the engineer first as 
an operating man. He gets things done. 
Usually he will be found in command of at 
least a small group of men. Perhaps his 
greatest satisfaction comes from seeing the 
results of his labors—so many cars turned 
out each week, or so many barrels of gaso- 
line, or a bridge farther along toward com- 
pletion, a building built, a railroad kept 
running, or a communication system kept 
in operation. His is the brain that checks 
on the labor of others, that corrects mistakes 
and surmounts difficulties, that tells how 
and where and with what tools a task is to 
be done. In this group come primarily the 
civil engineers, the construction men, and 
the mechanical and electrical engineers— 
all of them types of engineers who have 


found it especially difficult to get jobs in 
the fields in which they customarily work 
during these hard years. We have not, ex- 
cept as the government has been pouring out 
funds, been building very much. Many of 
these men are in the so-called capital goods 
industries, in which the index of employ- 
ment is still abnormally low. 

If you are in this field of activity or have 
been and your genius is getting things done 
and in producing tangible goods, why not 
turn to the other operating fields and see 
if there are not more opportunities? Plants 
need to be run as well as constructed and in ° 
times past many men who have designed 
plants and built them have stayed to oper- — 
ate them. Moreover, with more stabilized 
prices and increased mechanization the 
operation of plants and factories should and 
will demand more technical skill on the 
part of those in authority. 

Most engineers understand machines 
and are fascinated by them. There is no 
reason why they should not extend their 
field of usefulness into a great many indus- 
tries in which the “rule of thumb” is still 
the governing principle. It is foolish for 
an engineer, if he is competent, to think 
that he needs to have experience in any 
particular industry to do the work neces- 
sary in that industry. A few years ago a 
manufacturer of a rather complicated ma- 
chine, wanted a factory superintendent. 
It was specified, however, that any one ap- 
plying for the position must have had case- 
hardening experience, since that was an im- 
portant part of the manufacturing process. 
A competent engineer of my acquaintance 
felt that he could handle the job even though 
he had not had such experience. Before 
applying for the position, however, he spent 
three days in the New York Public Library 
reading up on all the latest developments in 
casehardening. He found out so much 
about the problems involved that he se- 
cured the position in spite of competition 
with experienced men and even though he 
frankly confessed his lack of actual experi- 
ence in the field. He did a good job, too. 
We are sometimes afraid of the bug-a-boo 
of specific experience. We ought instead 
to realize that a man with a trained mind 
who is not afraid to tackle new problems 
and is not too diffident about seeking infor- 
mation can bring a valuable and often fresh 
point of view to the solution of problems 
that have not been properly solved, because 
they are too greatly bound around with 
traditions of what has been done in the past. 

There is one phase of an operating job, 
however, which bothers a good many engi- 
neers and to which they need to give close 
attention. That is the human factor. It 
simply isn’t possible to treat men and 
women as you do machines. Allowance 
must be made for individual differences, 
for prejudices, for ambitions, and for fixed 
ideas. A certain amount of inspiration as 
well as consideration, must come from the 
man responsible for supervision. Scientific 
management, which is, I take it, principally 
the application of engineering principles to 
human productive activity, must some- 
times go slowly and allow for the absorption 
of ideas, in order to save time and money 
intheend. The engineer’s impatience with 
human frailties seems to be the greatest 
limiting factor to his usefulness as an oper- 
ating man. 

There is another factor in operating, how- 
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ever, which favors the engineer. Even 
though the introduction of machinery has 
reduced the number of workers in many in- 
dustries, it has increased the need for main- 
tenance engineers who must see that these 
machines run, are operated properly, and 
are kept in good condition. Just after I 
had finished a period of employment as a 
machine operator, a well-known psycholo- 
gist told me that it would not be very long 
before all machines would be automatic 
and would be run by morons, meaning, of 
course, people with less than average intelli- 
gence. I was highly indignant at the time 
because I had come to realize by actual ex- 
perience that, whereas the manual labor 
necessary is undoubtedly reduced by auto- 
matic machinery and the time necessary to 
learn the procedure may be cut down to a 
negligible period, understanding the opera- 
tion of the machines and being able to act 
correctly in an emergency requires a high 
order of intelligence, at least of a certain 
kind. It also involves a thoroughly trained 
person to correct difficulties when they oc- 
cur. Moreover, modern production proc- 
esses are so closely interrelated that the 
overproduction of one part or the breakdown 
of one machine may upset the schedule of a 
whole factory or series of factories. Here, 
in the more accurate coérdination of produc- 
tion, lies a large opportunity for the trained 
mind of the engineer. It may be necessary 
to sell this idea more thoroughly to manu- 
facturers and perhaps you as an unemployed 
engineer can have a very definite part in so 
doing. It certainly can be done. 


RESEARCH 


We must proceed to discuss some of the 
other phases of work commonly done by 
engineers and perhaps the next one which 
should be mentioned is that of research. 
Business men have come more and more to 
appreciate the practical results of research 
even when it seems most.remote from the 
work in hand and scholars engaged in re- 
search are coming to appreciate the fact 
that the pursuit of new knowledge may be 
profitable financially as well as intellectu- 
ally. Surely, much progress has been made 
in a better understanding of the possibilities 
of research when one of the foremost leaders 
of industrial research announces that a part 
of his staff has been engaged for some time 
in trying to solve the riddle of why grass is 
green! This, in spite of the fact that there 
is no apparent connection between this 
field of research and the products produced 
by his organization. 

Research today, as most of us know it, 
takes on a multitude of forms. It may in- 
volve the experimental design of new ma- 
chinery, extensive microphotography, the 
careful analysis of new and old materials, 
the accumulation and sorting of informa- 
tion from a multitude of sources in order to 
determine which may provide a vital clue 
to an entirely new procedure. Many men 
haven’t the patience for such work, they 
can’t stand the inaction, or, most of all, they 
haven’t the controlled imagination. 

It is a mistake, however, to think that all 
such work is done in the universities or in 
the big corporation laboratories. Much 
valuable research has been done in lofts, in 
small shops, or in private laboratories. To 
discover these smaller enterprises requires 
something of the instincts of a ferret. They 
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must be searched out, followed up patiently, 
and approached with caution. Much of 
this work is not profitable from a monetary 
standpoint or from the point of view of re- 
sults, but if you have that type of mind and 
will apply the same techniques to the dis- 
covery of opportunities to be associated 
with such ventures as you would use in 
other research, they can be found and are 
probably not much more hazardous finan- 
cially than a host of other occupations. 
Such work is entitled to be called profes- 
sional from almost any aspect. 


THE CONSULTING ENGINEER 


Of all the work that an engineer does, 
however, that of the consulting engineer is 
probably nearest to a completely profes- 
sional status. Also, it involves some of the 
most varied abilities. The good consulting 
engineer must have the analytical ability 
of the research man, the operating skill and 
ability to handle people of the operating 
man, and the enthusiasm and the financial 
acumen of a good banker or controller. He 
must keep in touch with new ideas and yet 
have a comprehensive knowledge of what 
has gone before. Above all else he must 
have the ability to plan the expenditure of 
his own time. Does this sound like a large 
order? Well, it is. 

Perhaps the good consulting engineer 
comes nearer to being a master of his field 
than any one else. Excellent engineers 
who can do splendid work as employees find 
themselves unwilling or unable to assume 
the responsibility of independent action. 
Others lack the ability to sell their services 
to prospective clients. It is likely to be 
either a feast or a famine. Either a con- 
sulting engineer is so busy that he cannot 
handle the work and finds it difficult to hire 
other men who will do it efficiently, or he 
has time on his hands and has to employ 
all the arts of a salesman to get. enough 
business to provide him a living. Some en- 
gineers find the answer in supplementary 
occupations, such as teaching, the manage- 
ment of organizations, or through a regular 
consulting arrangement on recurring prob- 
lems. The best consulting engineers I have 
known have been men who have worked 
for others on a variety of problems, fre- 
quently in various parts of the world, and 
then, after they have had the benefit of this 
experience, have settled down in some cen- 
tral location to make their experience avail- 
able to whoever have problems to solve. 
They are men with standing and prestige 
who are recognized as authorities. Busi- 
ness in good times naturally flows to them. 
In poor times they live on their accumu- 
lated savings or go into other lines of work. 
Sometimes they tighten their belts. 

It would be possible, and perhaps profit- 
able at another time, to analyze the require- 
ments of a consulting engineer’s work more 
fully, but the present (the fall, 1934), when 
we are partly through a depression, is not 
a time when it is possible for very many to 
enter this field, and there are other possi- 
bilities for engineers which should be given 
more attention. 


SALES ENGINEERING 


One of the principal fields of work for en- 
gineers outside of what may be called 
straight engineering is that of sales or sales 


engineering. Many engineers have tried 
to go into nontechnical selling without much 
success, but increasingly, products of a 
technical nature are demanding engineers 
to sell them, even some which may be 
classed as “‘consumer goods.” There are 
large numbers of machines and basic ma- 
terials—metals, chemicals, rubber, fabrics— 
which are used in manufacturing and which 
must be sold by men who can appreciate 
their uses and help adapt them to various 
mechanical situations. 

Many men, especially engineers, say and 
feel that they cannot sell. Some, of course, 
cannot, but the main reason why the others 
feel that they cannot is because they think 
of selling as peddling, or as forcing on buyers 
things which they do not want and cannot 
use. True selling is almost the reverse and 
consists of so appreciating the problems, 
needs, and personality of the buyer as to be 
able to make him see, understand, and want 
the product being offered to him. If it is 
not desirable and useful in a given situation 
it should not be sold. 

Let us analyze this statement a little fur- 
ther. In the first place, a salesman must 
study and understand the problems of the 
buyer. This involves learning as much 
about his needs as is possible ahead of time; 
then gathering by skilful questioning of the 
purchaser more information, including his 
own prejudices in the matter. Second, it 
is necessary to understand the buyer him- 
self, to apprehend—there isn’t any other 
word for it—his thoughts and thought proc- 
esses. Third, the salesman must ‘“‘get his 
ideas across’”’ to the buyer convincingly and 
persuade him to make a decision; get him 
to ‘‘sign on the dotted line.”” This does not 
involve “high-pressure” selling necessarily. 
It merely means creating a sufficient desire 
and then letting the buyer take the initia- 
tive. If the salesman is interested suffi- 
ciently in people and is sufficiently interest- 
ing to them to get their good-will, the rest 
of the selling technique can be learned. 

Many men think that it makes no difference 
what they select to sell, but my experi- 
ence indicates that it makes a lot of differ- 
ence to the beginner, at least, since, to sell 
convincingly, most beginners must under- 
stand, like, and believe in the product. 
There is a big field for engineers here, how- 
ever. As competition becomes keener in 
this country and prices become better 
standardized, the art of selling will be more 
and more necessary, and those understand- 
ing it will be in greater demand. Pick 
your line, pick your company, and you can 
frequently sell them the idea of taking you 
on. 

One more point regarding sales work 
should be discussed briefly; that is, the 
methods of paying salesmen. At the risk 
of being seriously challenged, I should like 
to say that most worthwhile selling jobs 
today pay a salary, or a salary and a com- 
mission. If a sales job does not do so, the 
employer is asking the salesman to take 
most of the risk. A drawing account is 
something of a compromise. The salesman 
is paid a commission but is allowed to ‘‘draw”’ 
a fixed sum every week or month which is 
deducted from the commissions he earns. 
If after a certain pericd he has drawn 
more than he has earned in commissions, 
he is supposed to make up the difference. 
The company does not always demand 
this if it is felt that the drop in earnings is 
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not the salesman’s fault, but it is considered 
an obligation and therefore should be set 
at the start at an amount which is a 
little less than the expected earnings from 
commissions. 

Many types of goods and services are 
sold on a commission basis and some men 
prefer this basis because of the larger per- 
centage given but it is a particularly haras- 
sing method of pay for a man who is me- 
thodical in nature. Most companies selling 
staple articles or articles which involve 
large unit costs, such as machinery, prefer 
to pay their salesmen salaries which net 
them a smaller percentage on their sales if 
they are successful, but, of course, do not 
involve so much uncertainty. 

It has been pointed out that a salesman 
needs to be careful about his appearance. 
He does not need to be unpleasantly ag- 
gressive, but he must be well dressed and 
persistent enough to get a hearing. He 
must understand people sufficiently to make 
himself liked and easily understood—per- 
sistent but not a pest, in other words. 


ENGINEERS IN BUSINESS 


In addition to the foregoing functions of 
engineering which are generally recognized 
there are opportunities in other phases of 
business also. Many engineers, especially 
industrial engineers, eventually transfer to 
financial positions, such as controllerships. 
Others secure places for themselves as tech- 
nical advisers to banks and accounting 
firms. These positions are likely to be a 
step beyond consulting work instead of a 
prelude to it. Others, who are interested 
in people and their efficiency, go into the 
personnel field. Many purchasing agents 
are engineers. Lately, a number of me- 
chanical engineers have entered the planning 
departments of retail stores in which the 
handling of goods from the receiving office 
to the customer is, in many cases, an engi- 
neering problem. There are also places for 
engineers in the editing of technical maga- 
zines and books, and many go into various 
phases of the civil service. 

It would be impossible within the limits 
of this article to give detailed analyses from 
a functional standpoint of all these various 
business and public occupations into which 
some engineers go, and which do offer a 
wide variety of opportunity if properly 
investigated. There are numerous books 
describing them and if these are carefully 
studied the information.can be obtained 
from them. There are certain of these oc- 
cupations about which I shall attempt to 
comment briefly, however, because the in- 
formation may not be obtainable elsewhere. 
One of these is banking. 

After a good many years’ study I am con- 
vinced that the only way for an engineer to 
become connected with a bank in the ca- 
pacity of adviser on industrial problems is 
either to become acquainted socially with 
one of the bank officers, or, more properly, 
and I think more easily, for him to meet the 
bank officials in the discussion of a problem 
in which the bank is interested. Bankers 
who are impressed by an engineer’s han- 
dling of an analysis or by his solution of an 
operating problem will, at times, seek his 
help with other problems, and, in order io 
avoid paying a heavy consulting fee, will 
take him on at a substantial salary. To 
be able to create this opportunity for him- 
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self a man must have a flair for finance be- 
cause he must be able to talk the language 
of the banker and because the financial as- 
pect of the problem is likely to play a con- 
siderable part in the work he is asked to do. 

Purchasing is a distinct career which is 
usually entered early in life. There are, 
however, instances in which engineers have 
been able to secure such opportunities later. 
This is especially true when they have been 
engaged in industrial reorganization. In 
order to purchase successfully, a man must 
have an almost unlimited capacity for ab- 
sorbing detail without being swamped by 
it, must be interested in and understand 
markets, must be able to understand but 
not necessarily to like people, although that 
isa help. His judgment and ability to de- 
cide promptly must be excellent and he 
must be able to. make decisions without 
worrying about them. A purchasing agent 
can many times put a firm “‘in the black” 
or “in the red” simply by buying at the 
right time and in the right quantity. 

Planning departments are likely to assume 
the aspect of boards of strategy. They 
have to do with the flow of goods and work 
in process, with plant layout, and, with 
questions of management policy. This 
field is a good example of special jobs in 
which engineers are finding places. 

Another job is that of building superin- 
tendent. In smaller buildings this may 
not be far removed from the work of a jani- 
tor, but in larger buildings the problem of 
mechanical upkeep makes an engineering 
training desirable, so that both mechanical 
and structural engineers will be found carry- 
ing on this work with success. 

Nothing has been said so far regarding 
strange or unusual jobs which engineers 
have undertaken. There are many of them, 
but such possibilities are discovered either 
by chance or by an analysis of the indivi- 
dual’s special interests. What has been 
attempted is a review, from somewhat of a 
functional standpoint, of the occupations 
usually open to engineers, in the hope that 
those who are unemployed may find some- 
thing they have overlooked. 


EDITOR’S NOTE: Although this important 
article is being republished in full in ELec- 
TRICAL ENGINEERING, space limitations 
require that it be presented in two parts; 
the second and concluding part is scheduled 
for inclusion in the January 1935 issue. 


A.S.C.E. Officers for 1935 Nominated. 
The complete roster of official nominees for 
offices in the American Society of Civil 
Engineers for the year 1935 has been an- 
nounced. Arthur S. Tuttle of New York, 
N. Y., has been nominated for president. 
Mr. Tuttle is widely known not only be- 
cause of his activities in the A.S.C.E., but 
also because of his important engineering 
experience, particularly with the board of 
estimates and apportionments of New York 
City, from which he retired in 1928 as chief 
engineer after 26 years of service. Con- 
tinuing as consulting engineer, he also has 
recently served as New York State engineer 
for the Federal Emergency Administration 
of Public Works. For vice president, D. H. 
Sawyer of Washington, D. C., was nomi- 
nated to represent Zone 2; and Henry E. 
Riggs, of Ann Arbor, Mich., to represent 
Zone 3. For directors, each representing a 


separate district of the A.S.C.E., the follow- 
ing were nominated: C. Arthur Poole, 
Rochester, N. Y.; HERMAN STABLER 
(A’04, M’13) Washington, D. C.; James L. 
Ferebee, Madison, Wis.; Charles B. Bur- 
dick, Chicago, Ill.; H. S. Morse, Indianapo- 
lis, Ind.; Ivan C. Crawford, Moscow, 
Idaho; and Theodore A. Leisen, Omaha, 
Neb. The tellers’ report on the results of 
the ballot will be announced during the 
A.S.C.E. annual meeting, Jan. 16-19, 1935. 
Those elected take office immediately. 


Outdoor Weathering of 
Metals and Coatings 


A book has been prepared containing the 
papers and discussions presented as part ofa 
symposium on the outdoor weathering of 
metals and metallic coatings, held at the 
5th regional meeting of the American 
Society for Testing Materials, Washington, 
D. C., March 7, 1934. This symposium 
evaluates much of the performance data 
obtained from the extensive outdoor 
weathering tests carried out by the Society’s 
committees A-5 on corrosion of iron and 
steel and B-3 on corrosion of nonferrous 
metals and alloys. The symposium is 
intended to illustrate applications of A.S.- 
T.M. corrosion test data in solving materials 
problems, but the authors of the 5 extensive 
technical papers did not confine them to 
data or official conclusions of the 2 corrosion 
committees. 

The papers discuss the following subjects: 
outdoor test results on bare and metal- 
coated ferrous specimens; the harmony of 
outdoor weathering tests; influence of 
rainfall and smoke on the corrosion of iron 
and steel; early interpretation of test re- 
sults in the atmospheric corrosion of 
nonferrous metals and alloys; and galvanic 
corrosion by contact of dissimilar metals. 

An interpretation of corrosion test results 
necessarily introduces various viewpoints. 
The very considerable portion of the 
publication devoted to discussion thus gives 
a broader view of the field. Extensive con- 
tributions from technologists in England 
indicate interesting results of widespread 
test programs conducted there and com- 
parisons with conclusions reached in this 
country. 

Much of the data are given in concise 
form through charts and tables and appro- 
priate illustrations enhance the utility of 
the book. Copies of this 113 page book can 
be obtained from A.S.T.M. headquarters, 
260 S. Broad St., Philadelphia, at $1.25 per 
copy, heavy paper cover; $1.50 in cloth. 


American Physical Society Annual Meeting. 
The annual meeting of the American Physi- 
cal Society will be held at Pittsburgh, Pa., 
December 27-29, 1934. This meeting will 
be held concurrently with the Annual Sci- 
ence Exhibition to be located in the Mellon 
Institute Building, Pittsburgh, Dec. 27-30, 
1934. This exhibit, which was announced 
in ELECTRICAL ENGINEERING for September 
1934, p. 1327, is sponsored by the American 
Association for the Advancement of Science 
and Associated Societies. 
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How to Use Electronic 
Tubes in Industry 


A pamphlet entitled “Industrial Elec- 
tronic Tubes’ has been prepared, which 
presents a fundamental treatment of the 
operation and the application of electronic 
tubes in industry. The treatment is 
' nonmathematical, starting with electronic 
phenomena and the mercury arc, passing to 
high vacuum tubes and the grid glow family, 
thence to photo-responsive electronic de- 
vices and cathode ray tubes and ending 
with the specific technique of a variety of 
applications. Throughout the pages the 
purpose is to show how the physical proper- 
ties discussed can be put to practical use in 
industrial control. It is an illustrated 217 
page zincograph pamphlet, prepared under 
the supervision of the educational depart- 
ment of the Westinghouse Electric and 
Manufacturing Company, East Pittsburgh, 
Pa., and offered by them for $2.25 (net). 

As a supplement to this pamphlet a 
“Manual of Experiments” may also be pur- 
chased for 65¢; in this series of 24 tests, the 
apparatus needed, methods of set-up, pro- 
cedure to be followed, and results to be ob- 
tained are fully explained. These experi- 


ments parallel the course of study which 
can be obtained from the larger pamphlet, 
and demonstrate the type and characteris- 
tics of the various electronic tubes de- 
scribed. The 2 may be used as a schedule 
in this subject of both classroom and labora- 
tory work. It isstated that advertising and 
propaganda have been carefully avoided so 
that the material can be used as an ac- 
curate and unbiased text. 


France Honors Early Menlo Park Worker. 
On April 6, 1934, Francis Jehl, curator of 
the “Edison Laboratory’? in Greenfield 
Village, Henry Ford’s museum at Dearborn, 
Mich., was honored by the French govern- 
ment when its representative, M. Leon 
Morand, consul at Detroit, bestowed upon 
the aged electrical engineer the title of 
Chevalier of the Legion of Honor. Mr. 
Jehl is reported to be the only survivor of 
the small group in Thomas A. Edison’s 
research laboratory in Menlo Park, N. J., 
of 1878-79. He assisted Edison in the 
experiments that led to the invention of 
the first practical incandescent lamp. It is 
reported that following the successful pro- 
duction of the incandescent lamp and the 


Metropolitan Opera Installs Lighting Control 


Wuen the opera season in New York 
opens on December 24, 1934, occupants of 
the Metropolitan Opera House will observe 
for the first time the results of the thorough 
remodeling and modernization program 
which has effected numerous improvements 
to the historic opera house. Most notable 
of the changes directly affecting the operatic 
productions is the installation of the most 
modern type of electronic tube control for 
both the stage and house lights. This 
new lighting equipment, employing electron 
tubes to control the reactor dimming sys- 
tem, was manufactured by the General 
Electric Company, and will place the con- 
trol of all lighting effects at the finger tips 
of one individual. The presetting controller 
located in the “lighting pit’’ below the stage 
is shown here. A hooded opening in the 
stage floor near the footlights enables the 
operator to observe the effects produced. 
To the right of this board, and not shown 
here, is the master controller, From the 
lighting pit, each of the 156 circuits for the 
stage may be independently preset for 3 
complete lighting scenes, so that the touch 
of a button will accomplish the scene-to- 
scene change of circuits. In addition, the 
11 house circuits may be controlled from 
this point. The presetting controller pro- 
vides for the individual control of each cir- 
cuit, while the master controller enables 
the operator to govern all circuits simul- 
taneously, either for dimming or for black- 
out, and to split the control into major di- 
visions of color. The circuits are arranged 
to provide one color for the house and 4 
colors for the stage, except for the foot- 
lights where 5 colors are to be used. The 
Metropolitan Opera House is among the 
large number of places in New York which 
may be visited during the forthcoming 
A.I.E.E. 1935 winter convention. 
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Edison system, Mr. Jehl installed and 
started the testing department of the 
Edison Machine Works in New York City 
in 1881, and the following year was sent to 
Europe, where he assisted in starting the 
French Edison Companies’ Lamp Works. 
He also pioneered in the installation of 
electric lighting equipment in other parts 
of Europe. The presentation by the 
French government of this honor to Mr. 
Jehl was followed by a brief address by 
ALEX Dow (A’98, F’13, and member for 
life) who spoke of his early association 
with Mr. Edison and Mr. Jehl. Mr. Jehl 
is a son of an officer of the Union Army, 
whose ancestors migrated from France to 
America in Colonial days. 


Engineering Education to 
Be Reorganized at Harvard 


The board of overseers of Harvard Uni- 
versity at its last meeting approved action 
previously taken by the Corporation pro- 
viding a plan of reorganization of instruction 
in engineering in the University. This 
plan, which will become effective in 1935-36, 
provides that undergraduate instruction in 
engineering will no longer be given in the 
engineering school but will thereafter be 
undertaken solely by the division of engi- 
neering sciences in the college, although 
with the same equipment and under the 
same officers of instruction as formerly. 

The tendency in recent years has been 
for the majority of students wishing to 
obtain undergraduate instruction in en- 
gineering at Harvard to secure it through 
the division of engineering sciences in the 
college rather than by registering as under- 
graduates in the engineering school, and the 
administrative change now to be made is in 
conformance with this tendency. 

The engineering school will be continued 
on a strictly graduate basis, as the graduate 
school of engineering, with courses in the 
several branches of engineering leading to 
the degrees of master of science in engineer- 
ing and doctor of science. 


Pennsylvania Railroad Orders 57 Locomo- 
tives. Orders for 57 streamlined electric 
engines, reported to be the most powerful 
electric passenger. locomotives ever built in 
the world, have been placed by the Pennsyl- 
vania Railroad. Costing almost $15,000,- 
000, these new locomotives have been spe- 
cially designed for high speed passenger ser- 
vice to be inaugurated between New York, 
Philadelphia, Baltimore, and Washington, 
early in 1935. They will be capable of 
making regular operating speeds of 90 miles 
per hour hauling standard trains. Twelve 
57-inch driving wheels will drive the fully 
streamlined articulated engines along the 
tracks with full power of 4,620 horsepower 
at high speed. Each locomotive will be 
79.5 feet long, of all steel construction, and 
will weigh 230 tons. They will operate 
on an 11,000-volt 25-cycle single-phase sys- 
tem, the current being supplied by overhead 
wires through a pantograph. The maxi- 
mum starting tractive effort will be 72,800 
pounds. Eighteen complete chassis will be 
built at the Pennsylvania Railroad’s Al- 
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toona shops, and 25 chassis will be built 
by the Baldwin Locomotive Works at Eddy- 
stone, Pa. The General Electric Company, 
at Erie, Pa., will build 14 complete locomo- 
tives, including chassis and _ electrical 
equipment, and in addition will build electric 
propulsion and control apparatus for 9 
other engines. The Westinghouse Electric 
and Manufacturing Company, at East 
Pittsburgh, Pa., will build the electric 
propulsion and control apparatus for 34 
locomotives. These latter 2 groups of 
electrical equipment will be installed by the 
Pennsylvania Railroad in the 43 chassis 
built by it and the Baldwin Locomotive 
Works. Ina previous order placed in July 
1934, 28 electric passenger engines were 
ordered by this same railroad at a cost of 


_over $6,000,000. 


Lightning Storms in 
Northwest Studied 


A report ‘Lightning Storms and Fires 
in the National Forests of Oregon and 
Washington” has recently been prepared by 
W. G. Morris of the Pacific Northwest 
Forest Experiment Station, Portland, Ore. 
One thousand copies of this report have 
been printed and are being sent to forest 
fire wardens in Oregon and Washington, 
national forest supervisors and rangers, 
electric power companies in the northwest, 
local weather bureau officials, and other 
interested persons. 

In this report, lightning storms in Oregon 
and Washington, some of which caused 215 
forest fires in a single day and traveled at 
speeds of 1 to 40 miles per hour have been 
mapped and described. From _ records 
taken since 1925 by 200 forest fire lookouts 
stationed on mountain tops in the national 
forests of these 2 states, the Pacific North- 
west Forest Experiment Station has made 
the first comprehensive study of mountain 
lightning storms undertaken in this region. 
Findings of the study are: the time of 
day when lightning storms usually occur; 
direction, length, and rate of lightning 
storm movement; percentage of lightning 
flashes which strike the ground; frequency 
of lightning storms and fires in different 
parts of the national forest areas, and the 
relative mumber of forest fires set on 
various types of storm days. 

Lightning on the national forests of 
Oregon and Washington causes 750 fires 
annually, more than 1/2 of the total number. 
These storms cause enormous damage. 
Unfortunately, they occur over immense 
areas and the fires usually start in the most 
inaccessible places. 

Definite zones of lightning storm oc- 
currence have been mapped in Oregon and 
Washington. However, lightning storms 
do not follow repeatedly the same lane or 
track, as for example, certain valleys and 
ridges. The number of lightning fires per 
acre at high altitudes is no greater than at 
low altitudes on most national forests. 
Most lightning flashes in the mountains of 
this region are from cloud to cloud. A 
greater percentage of cloud to ground flashes 
or strikes occur on days when storms are 
widespread than on days when storms are 
localized. 
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A 500-W att Loudspeaker 


A new loudspeaker, shown in the illus- 
tration, has been developed which is so 
powerful that it can amplify the human 
voice one million times, and over flat 
country still air can be heard a distance of 
several miles. This loudspeaker is 500 
times more powerful than the ordinary loud- 
speaker, and is intended primarily for out- 
door use. The speaker, which was de- 
veloped by engineers of Bell Telephone 
Laboratories, Inc., for the Western Electric 
Company, was recently used at reduced 
power by the U.S. Coast Guard at the 
International Yacht Races. The speaker 
has been designed so that speech projected 
from it is sharpened so as to penetrate other 
noise more easily, concentrating its power 
in the band from 400 to 4,000 cycles. In- 
structions and warnings can thus be given 
in many special applications. The amplifier 
is capable of delivering 1,000 watts of speech 
current to the loudspeaker, and the speaker 
of delivering 500 watts of energy to the air. 
Both the speaker and the microphone which 
is used with the system are of the ‘“‘moving 
coil” type. The speaker and horn combined 
are 30 in. in diameter by 30 in. deep. 


Unit Air Conditioner Association. The 
formation of a new association, the Unit 
Air Conditioner Manufacturers Association, 
New York, N. Y., to foster and promote unit 
air conditioners has just been announced. 
Preliminary figures indicate that the annual 
gross sales for last year of unit type of equip- 
ment were approximately $4,000,000, and 
it is estimated that the current year will see 
this volume exceeded by 50 per cent or 
more. It is the aim of the association to 
guide the development of the industry along 
the proper lines so that the advantages to 
be gained by public buying will enhance the 
continued development and use of air con- 
ditioning. 


Large Transformer Order Placed. An 
order for 7 65,000-kva transformers was 
placed the latter part of October by the 
bureau of power and light of the city of Los 
Angeles, Calif., with the Westinghouse 


Electric and Manufacturing Company. 
This order is reported to amount to approxi- 
mately $1,000,000, and to be the largest 
single order for transformers placed in the 
last 5 years. These transformers will be in- 
stalled at the Los Angeles terminal of the 
285-mile 287-kv transmission line from 
Boulder Dam. Six transformers arranged 
in 2 banks with one for standby service will 
step down the voltage to 132 kv. Each 
unit will weigh nearly 250 tons, stand 35 ft 
high, and occupy a floor space area of 
about 19 X 20 ft. 


Standards 


———————— 


Radio Standardization Sponsorship 
to Reside Solely in I.R.E. 


The sponsorship of the sectional commit- 
tee on radio, which has been held jointly by 
the Institute of Radio Engineers and the 
A.J.E.E. since its inception in 1924, was 
considered by the standards committee 
of the A.I.E.E. at its October meeting, and 
it was recommended that the A.I.E.E. re- 
linquish its joint sponsorship in favor of a 
sole sponsorship by the I.R.E. This action 
was approved by the board of directors and 
the suggestion transmitted to A.S.A. 


Limit of Observable 


Temperature Rise 


At the meeting the A.J.E.E. standards 
committee held on October 16, 1934, a ques- 
tion was raised relative to the exact meaning 
of “limit of temperature rise” as it appears 
in many of the A.J.E.E. standards. It 
had been suggested that an ambiguity ex- 
isted. Was it the observable limit or the 
hot-spot limit to which reference was made? 
In the minds of the committee there was 
no question as to the limit referred to, but 
in order to eliminate any such question the 
clause will be reworded in all future editions 
and will appear as “limit of observable 
temperature rise.” 


Standards on Electrical 
Insulating Materials 


A publication of considerable interest to 
the electrical industry has just been issued 
by the American Society for Testing Ma- 
terials entitled, ‘““A.S.T.M. Standards on 
Electrical Insulating Materials.” 

This 1934 edition includes in their latest 
approved form 21 standardized methods 
of test and 12 specifications. The method 
of testing molding powder used in manu- 
facturing molded electrical insulators has 
not been published heretofore. During 
1934, revisions were made in a number of the 
test methods including those covering the 
following materials used for electrical in- 
sulation: varnishes, solid filling and treat- 
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ing compounds, untreated paper, sheet and 
plate materials, varnished cloths and cloth 
tapes, laminated tubes and round rods, 
and electrical porcelain. 

In addition, the following are covered by 
specifications or tests: flexible varnished 
tubing, rubber gloves, rubber matting, 
electrical cotton yarns, silk and cotton 
tapes, pasted mica, and slate. 

Copies of this publication can be ob- 
tained from A.S.T.M. Headquarters, 260 
So. Broad St., Philadelphia, at $1.75 per 
copy. Special prices are in effect on orders 
for 10 or more copies. 


Test Code for Transformers 


The “Test Code for Transformers,” 
which was prepared under the auspices of 
the electrical machinery committee of the 
Institute and has been available in printed 
form for comment since October 1931, was 


ordered transmitted to the American Stand- 
ards Association for action by the standards 
committee at its October meeting. The code 
will be considered by the sectional com- 
mittee on transformers, together with re- 
visions and additions suggested by the 
electrical machinery committee. 


Test Code for 
Polyphase Induction Machines 


There has just been received for action 
at the next meeting of the A.I.E.E. stand- 
ards committee, a ‘‘Preliminary Report on 
a Proposed Test Code for Polyphase In- 
duction Machines.” This has been de- 
veloped under the auspices of the electrical 
machinery committee and will probably 
be ordered published for general comment. 
Notice of availability of the report will ap- 
pear in a later issue. 
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Census 
of Engineers 


A profession-wide survey to show how 
engineers have fared through the hard 
times is being made by the U. S. department 
of labor in coGperation with American En- 
gineering Council and as many of the en- 
gineering societies as are willing to partici- 
pate. Unsigned confidential questionnaire 
returns from 100,000 individuals will give 
salary trends, types of employers, and duties 
over the past several years, plus educational 
background and other facts designed to give 
a true picture of the engineers’ status. 
Compilation of returns early in the year 
will show how our people have adjusted to 
changing conditions and how many are un- 
employed or in minor jobs, awaiting place- 
ment in regular work. This is believed to 
be the most comprehensive nation-wide 
study ever made of a professional group. 
Results are expected to be of immediate 
practical application to the engineering 
employment program; will serve as a check 
against policies of engineering schools 
which may be turning out too many gradu- 
ates in some fields and not enough in lines 
of current demand. The survey has re- 
sulted from negotiations by Council with 
Dr. Isador Lubin, commissioner of labor 
statistics, whose Bureau will do the job. 

As a statistical backlog for present esti- 
mates, Council has made an intensive study 
of the distribution of engineers among the 
various industries as of the Census of 1930. 
225,000 called themselves engineers, or one 
to about every 500 of population; one en- 
gineer to every 210 persons listed as gain- 
fully employed. Membership of engineer- 
ing and allied technical societies totaled 
115,000 as of 1929 which makes the Census 
figure look large; it probably includes sur- 
veyors, draftsmen, and minor technicians. 
Arrangements are being made for a better 
classification in the next Census. 
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The breakdown by industries is none the 
less significant. In fact, the exceedingly 
small ratio of engineers in many industries 
is the more striking when it is remembered 
that the count of engineers is probably high. 
In forestry and agriculture, only 0.01 per 
cent of the employed are listed as engineers; 
in wholesale and retail trade, only 0.02 
per cent; textile and clothing industries, 
0.06 per cent. The figures range up to 
3.51 per cent for public utilities. Although 
Federal work offers the most widespread 
opportunities at present, it is obvious that 
the real future of the profession still is in 
the field of private industry. In 1930, 
11 per cent of the 225,000 were employed 
by governments (Federal, State, and Local); 
24 per cent were on a consulting basis, 
doubtless mainly for private firms; and 
65 per cent were employed by industry and 
commerce. The development of  tech- 
nology in backward industries is the main 
hope for the profession. Two charts 
which Council has made available tell the 
complete statistical story. 


Integration” of 
National Activities 


The confusion of events affecting the 
future status of industry and trade has been 
gradually clarifying over the past several 
months. There is still much confusion in 
national policy because of the variety, scope, 
and varying leadership of governmental 
activities. If there is one word which may 
be made the keynote of immediate effort, 
it is the word “integration.’”’ In these 
activities engineers are playing and have 
played an important part. American En- 
gineering Council during the past few 
months has been perfecting its organization 
plans to fulfill these new and increasing de- 
mands for Washington service. 

Steps already taken by Council are fol- 


lowing the same philosophy now being ex- 
hibited by the leaders in government, that 
is, we are working on the policy of integrat- 
ing Council relations, both within and out- 
side the engineering profession and then to 
relate the integrated whole to the challeng- 
ing problems of the times. The executive 
committee and the executive secretary of 
American Engineering Council have been 
greatly stimulated by the enthusiasm and 
renewed purpose with which the present 
members of Council have supported its 
work in the past year. Through regular 
monthly meetings with the secretaries of 
the National Society members and with 
corresponding relations with local organiza- 
tions, there is evident a strength of purpose 
which is deeply appreciated by those who 
have been elected to lead the affairs of 
Council. In this connection, the execu- 
tive committee is planning to present for 
consideration of local engineering organiza- 
tions a plan of membership, which they hope 
will increase the participation of engineers 
in national affairs, as well as provide less 
financial obligation. 


Representative on 
Employment at Washington 


Facilities to aid the placing of men are 
provided in Washington through the co- 
operation of the National Engineering Em- 
ployment Committee to meet the needs of 
pending Federal plans giving early promise 
of employment of a large number of engi- 
neers, in addition to the thousands already 
in the Federal service. A special repre- 
sentative of the National Engineering Em- 
ployment Committee is to be located in 
Washington. Col. C. H. Crawford has 
been selected to represent the 4 national 
societies of civil, mining and metallurgical, 
mechanical, and electrical engineers in an 
effort to aid the government in securing 
qualified men for engineering work. 

Colonel Crawford’s efforts will be devoted 
to the task of becoming acquainted with the 
government’s present and future needs for 
engineers. He will be in direct contact 
with the employment committee and for 
the present all communications regarding 
opportunities for government service should 
be sent to the Engineering Societies Em- 
ployment Service at 29 West 39th Street, 
New York, N. Y. 


Unemployment 
Among Engineers 


Unemployment of engineers has declined 
in the past year but still is no small problem. 
Council recently prepared a rough estimate 
based on telegraphic returns from the 
States which have been somewhat sub- 
stantiated from Federal sources. Con- 
clusion: present unemployment of engi- 
neers stands in the magnitude of 30,000. 

The field for employment, present and 
prospective, of engineers in the Federal 
services, has been probed by a member of 
Council’s staff, who has visited more than 
70 government agencies in Washington 
within the past few weeks. 

Council’s canvass shows, approximately 
15,000 engineers are employed by the regu- 
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lar and emergency wnits of the government 
whereas only about 4,000 were on the rolls 
before the present administration took office. 
Substantial numbers also are serving in sub- 
professional and nonprofessional capaci- 
ties. A report of the findings for each 
agency with notes as to employment pro- 


cedure is being considered for publication 
purpose: to advise individuals and societies 
where opportunities exist and where they 
do not exist; to serve as a guide which will 
save the time and trouble of seeking Federal 
placement in the wrong places and in the 


wrong ways. 


Neeiters to the Editor 


CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
should be concise and may deal with technical 
Papers, articles published in previous issues, or 
other subjects of some general interest and pro- 
fessional importance. ELECTRICAL ENGINEERING 
will endeavor to publish as many letters as possible, 
but of necessity reserves the right to publish them 
in whole or in part, or to reject them entirely. 


STATEMENTS in these letters are expressly un- 
derstood to be made by the writers; publication 
here in no wise constitutes endorsement or recog- 
nition by the American Institute of Electrical 
Engineers. 


Engineering Education Should 
Train 2 Types of Engineers 


To the Editor: 

I have been much interested in several 
papers on the subject of engineering educa- 
tion which have appeared recently in 
ELECTRICAL ENGINEERING and particularly 
in the discussions of 3 of these papers in the 
October 1934 issue, pages 1413-22. In the 
hope that the personal experiences of one 
who has passed through this process of tech- 
nical training and adjustment to industry 
at a comparatively recent date may add 
something to what has already been said on 
the subject the following observations are 
offered for your consideration. 

Having been interested in electrical sci- 
ence since early boyhood it was natural that 
I should select electrical engineering as a 
profession and I accordingly enrolled in the 
electrical engineering department of a well- 
known mid-western university in the fall of 
1923. As the end of my sophomore year 
approached, however, I had begun to doubt 
the ultimate wisdom of my choice. It 
seemed to me that my personal interests and 
inclinations were more in the field of execu- 
tive work in technical industry than in 
purely technical design or research work and 
that in order to fit myself properly for the 
work I wanted that I needed training not 
offered in the schedule of instruction I was 
following. 

After thinking the matter over during 
most of the following summer I transferred 
at the beginning of my junior year to a 
course in business administration adminis- 
tered by the college of commerce. My 
idea in making this change was that the re- 
quired courses in the new curriculum would 
provide the training missing from the regu- 
lar engineering course and that by using an 
increased number of electives to take exgi- 
neering courses I could fill in the engineer- 
ing background that I wanted. One semes- 
ter of this new course, however, was enough 
to convince me that the required subjects 
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would crowd out too much of the engineer- 
ing work which I still regarded as the 
fundamental portion of the training. 

At the end of the first semester of my 
junior year I therefore transferred back to 
the college of engineering, this time to a 
course listed in the catalogue as ‘‘engineer- 
ing physics.’”’ My selection of this course 
was based upon the fact that it included 
fundamental courses in electrical engineer- 
ing together with advanced courses in 
mathematics, physics, and chemistry and 
also a number of electives which would 
permit me to fill in the so-called liberalizing 
courses that I wanted. Some of the courses 
which still could not be wedged into the 
regular schedule were included by securing 
permission to take more than the usual 
number of semester hours of work. This is 
the course in which I finally secured my de- 
gree and which incidentally is a course of 
instruction intended for the training of re- 
search engineers. 

Following the completion of my uni- 
versity work 7 years ago I spent 2 years ina 
training course for junior executives con- 
ducted by the organization in which I am 
now employed. The last 5 years have been 
devoted to various staff positions. 

As I look back over these experiences 
now 2 things seem to stand out quite clearly. 
First, that what I was really trying to do 
and did not quite realize it at the time was 
to make for myself just such a course of 
training as that described by L. W. W. 
Morrow in his paper “Industry Demands 
and Engineering Education’? which ap- 
peared in ELEcTRICAL ENGINEERING for 
April 1934, pages 518-22. What I was 
trying to get was a main stem of engineering 
and scientific training with the necessary 
economic and sociological training to fit 
myself for executive work in technical in- 
dustry. If a course of this type had been 
offered, especially one that could have been 
adapted to the needs, abilities, and inclina- 
tions of the individual student as the course 
progressed I believe that I would have se- 
cured a great deal more benefit from the 4 
years I spent in college. Second, that with 
all of the short-comings inherent in the way 
in which it was necessary for me to fit my 
university work to my needs I believe, after 
5 years of experience, that the training I 
secured is better adapted to my purpose 
than a purely technical course in electrical 
engineering would have been. 

Whatever may be the final form of the 
courses adopted by our leading technical 
schools it seems evident that a real need has 
been indicated by this group of papers and 
that a worth while improvement will neces- 
sarily follow. 


The suggestion that ‘‘honors’’ courses be 
provided for the development of profes- 
sional and technical engineers with the regu- 
lar curriculum designed for engineers going 
into general industry seems to me to be an 
unfortunate choice of terminology. It 
seems to me to be not so much a question of 
ability between the 2 types of engineers as 
it is a question of providing the best pos- 
sible training for both types. The events 
of the past few years indicate clearly that 
the need for problem solving ability in the 
sociological and economic fields is at least 
as great as it is in the purely technical 
phases of engineering work. The most 
constructive thing to do is to recognize 
frankly that there are 2 types of engineers 
of approximately equal importance to so- 
ciety and to provide schedules of instruc- 
tion that will enable both groups to get the 
most out of their technical school training. 

The most practical suggestion would 
seem to be for both groups to pursue 
the same schedule of instruction during the 
early part of the curriculum and for the 
individual student to make his choice be- 
tween the 2 types of work at about the be- 
ginning of the junior year. In this way 
both courses could be developed as an in- 
tegrated whole and there would be sufficient 
time during the first 2 years for giving the 
necessary information and advice to the 
individual student to enable him to make an 
intelligent and well-considered choice. 

Very truly yours, 

T. F. McMarns (A’34) 
(Chief Operator, Wes- 
tern Union Telegraph 
Company, Wichita 
Falls, Texas) 


A New Stroboscope 
to Study Hunting of 
a Synchronous Motor 


To the Editor: 


The characteristic of the synchronous 
motor known as hunting is difficult for the 
average student to understand because it is 
hard to visualize what is going on in the 
machine. However, when the mechanical 
oscillation between the impressed voltage 
and induced voltage is converted into the 
oscillation of a beam of light, hunting be- 
comes much easier to understand. By 
means of the following simple device this 
conversion is possible and the angular dis- 
placement of the rotor can be seen. 

Referring to the diagram, M, is a small 
single-phase synchronous motor. M2 is 
the synchronous motor which is to be tested 
for hunting. Both motors must have the 
same number of poles. A thin metal disk 
about 5 in. in diameter is attached to the 
shaft of MM. A similar disk is mounted 
on a single-bearing shaft, the center line of 
which coincides with the center line of the 
shaft of M,. The disks are mounted to 
run as close together as possible. The 
single-bearing shaft is connected through a 
flexible coupling to the shaft of M,. A 
narrow radial slot about 1.5 in. long is cut 
in each disk. A light mounted as shown in 
the diagram and a shield to cut off undesir- 
able light complete the stroboscope. 

The motors run in opposite directions. 
When there is no hunting the radial slots 
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Fig. 1. 


will pass each other at the same points each 
revolution. This allows a beam of light 
to pass through both disks when the slots 
pass. Because of the speed, this beam ap- 
pears stationary and continuous to the eye. 
When the motor hunts, this beam oscillates 
through an angle which is approximately 
equal to the angular displacement in elec- 
trical degrees divided by the number of 
pairs of poles. 

In addition to its use when studying 
hunting, this device shows some interesting 
facts when used to investigate the pull-in 
and pull-out torque characteristics of the 
synchronous motor. It also gives good re- 
sults when used to determine the slip of an 
induction motor. 


Very truly yours, 


E. W. WINKLER (A’30) 
(Instructor in Electrical 


Engineering, University 
of North Carolina, Chapel 
Hill) 


Reignition of an 
Arc at Low Pressures 


To the Editor: 


A recent paper by Mackeown, Bowden 
and Cobine (“Reignition of an Arc at Low 
Pressures,’”’ Etec. ENGG., v. 53, 1934, p. 
1081-5) describes experiments on a-c arcs 
at low pressures, and from the results 
draws certain conclusions about the mecha- 
nism of reignition and the transition from 
glow to arc. Though their theories may 
seem plausible in a qualitative way, a 
quantitative test reveals the necessity for 
additional assumptions so unreasonable as 
to throw strong doubt upon the correctness 
of their conclusions. 

The results of the present investigations 
do not really disagree with those of Todd 
and Browne, (Phys. Rev., v. 36, 1930, p. 732) 
who found a reignition voltage equal to arc 
voltage for a 90-amp arc between carbon 
electrodes at atmospheric pressure: for a 
low reignition voltage, it is necessary that 
the old anode-new cathode electrode shall 
have a temperature sufficient for con- 
siderable thermionic emission at current 
zero; with the low pressures, low currents, 
this condition was not realized as it was 
with the higher currents, higher pressure of 
Todd and Browne. 

The intermediate voltage stage of dis- 
charge noted by the authors at low pres- 


DECEMBER 1934 


DISK DRIVEN BY AUXILIARY Dae [ee DRIVEN BY MOTOR UNDER TEST 


END VIEW SHOWING SLOT 
LIGHT SHIELD IN PLACE 


Arrangement of stroboscope to study hunting 


sures may be a type of thermionic arc. 
It is well known that if the temperature of 
the cathode of a glow, on tungsten say, is 
raised the cathode fall decreases in a con- 
tinuous manner from the normal value with 
no emission, to the low voltage of an arc 
when the saturation emission is equal to the 
total current flowing. The intermediate 
stages are stable, and may perhaps be 
classed as a form of arc. 

Since the sparking potential in regions 
near the minimum is sensitive to cathode 
material and character of gas, the calculated 
curve used by the atuithors does not neces- 
sarily coincide at all with the true sparking 
potential for their experimental conditions. 
This is particularly true for the electrodes 
containing the rare earths. 

The authors apparently hitch their cart 
before their horse when they invoke the high 
intensity field which may sustain the 
cathode after the establishment of an arc, to 
explain the lowering of the reignition volt- 
age. It will be shown below that such 
fields do not exist in the glow which forms 
before the arc (clearly seen in Fig. 2 of 
the paper by MacKeown, Bowden, and 
Cobine, and probably also existent in all 
cases where the reignition voltage is high) 
and of course cannot be a factor in the 
reignition to a glow. Thermionic emission 
would lower the reignition potential below 
the normal sparking potential, and the glow 
voltage would be lowered to the same 
degree. At all pressures in Fig. 2, the glow 
voltage is constant at about 270 volts, both 
with the low current flowing to the left of A 
as well as when an arc exists during a part of 
the half cycle. 

A quantitative test of the authors’ theory 
of glow-are transition may be made. 
Though unfortunately complete data are 
not available, still one may attain results 
of the correct order of magnitude using 
known characteristics of glows with other 
materials. Consider the oscillogram for 
one-centimeter pressure in Fig. 2. A nor- 
mal glow exists, since the voltage remains 
constant with change in current, even up to 
the point at which the transition to arc 
takes place. The thickness of the cathode 
fall space is about 0.04 to 0.06 cm, so the 
average field is roughly 5,000 volts per centi- 
meter; the field at the electrode surface 
will not be over twice as great, or 104 volts 
per centimeter. Now according to the 
theory of high field emission (see paper by 
Stern, Fowler, and Gossling, Roy. Soc. 
Proc., A124, 1929, p. 699) in order to secure 
an emission equal to the emission of elec- 
trons by positive ion impact, a field over 
2 X 107 volts per centimeter would be 


necessary. If high fields are to produce 
enough emission to begin to affect the glow, 
then surface irregularities must multiply 
the gross field by 2,000! Such a large 
multiplication is entirely unreasonable. 

Consider now the other suggestion, that a 
spot of some iinpurity exists on the cathode, 
which yields more electrons than the rest 
of the cathode. Then, these electrons 
produce additional positive ions, which 
produce more electrons, but unless some new 
ionizing agent enters (high field emission) 
the process continues only until all the glow 
is concentrated upon the impurity. If a 
normal glow exists, the cathode fall is 
lower than before, so the field is weaker, and 
high field emission is still more improbable. 
If the current is large and the area of im- 
purity small, an abnormal glow sets in, 
but the cathode fall is limited to the normal 
cathode fall of the body of the cathode; if 
it should rise higher, then all the current 
would be diverted away from the impurity. 

The cathode fall in an abnormal glow is 
related to the normal fall by 


AV ia 
p 


where A is a constant, 7 the abnormal 
current density, and p the pressure. One 
may set a lower limit for Vy thus: Vy 
follows roughly the work function, which 
may be taken as 4 volts on the graphite and 
a lower limit of 1.5 volts on the impurity, 
which gives 100 for Vy. This is consider- 
ably lower than measured values of Vy 
for the alkalis. The constant A is probably 
about 100, and V4 is limited to 270. Thus 
forp =1cm 


Va —- Vy = 


270 — 190 = 100V%e 
10 

from which 7,2 = 189. The current at the 
point of transition, from Fig. 2, is about 0.8 
amp, so the diameter of the impurity is 
at least 0.075 cm. It is hardly conceivable 
that such an area of impurity could exist 
on supposedly pure graphite. Even if it 
did, the field would still be insufficient for 
cold cathode emission. The thickness of 
the cathode fall space, for such large cur- 
rent densities reduces to 


where B has the value about 0.06, so d, = 
0.006. The field at the surface is thus about 
10° volts per centimeter. Because of the 
reduced work function, the necessary field 
is reduced to about 5 X 108 volts per centi- 


3 
meter (=) = 


postulate not only an unreasonably large 
spot of impurity, but also an irregularity 
upon it giving a field multiplication of 50! 

A much-more reasonable spot of impurity 
would consist of a few thousand, or at the 
most, a few million molecules. Only an 
extremely small part of the total current 
could be carried to such a spot, so the re- 
mainder of the cathode would be covered 
by a normal glow as in the absence of the 
impurity. With so small a spot, the thick- 
ness of the cathode fall space over it would 
not be the d, calculated above, but almost 
the normal thickness for the rest of the 
electrode, so the field at the impurity would 
be only a little larger than over the adjacent 


constant). So one must 
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pure electrode. Thus one must assume 
coincident with the impurity an irregularity 
giving a field multiplication of 500. 

Thus, the theory of glow-arc transition, 
which seems to fail in at least the case dis- 
cussed above, and very likely in many 
other cases, reduces to a hypothesis which 
demands quantitative proof of its correct- 
ness before it can be accepted. Particu- 
larly valuable in extending the knowledge of 
the reignition of arcs between refractory 
electrodes at low pressures would be a deter- 
mination of the sparking potential under 
the experimental conditions; an observa- 
tion of anode drop and current density, so 
the anode (new cathode) temperature might 
be estimated; and an expansion of the time 
scale of oscillograms of the reignition region. 


Very truly yours, 


R. C. Mason (A’26) 
(Westinghouse Research 
Laboratories, E. Pitts- 
burgh, Pa.) 


Arcover Caused by 
Absorption Current 


To the Editor: 


In the article entitled “Insulator Arcover 
in Air’ by F. W. Maxstadt in the July 
1934 issue of ELECTRICAL ENGINEERING, 
p. 1062-8, acertain unexplainable phenomena 
is noted. Two electrodes with one centi- 
meter spacing show a breakdown strength 
with air as the dielectric of approximately 
30 kv and with a right cylinder of rubber in 
the field the breakdown strength was re- 
duced to about 15 ky. 

It is possible that this pliienoma may be 
explained by the so-called “absorption cur- 
rent”’ of the rubber sample. This absorp- 
tion current makes itself evident in the 
appreciable power factor displayed when 
a-c bridge measurements are made. It is 
also evident in the slow “soaking up” of 
charge after a direct potential is applied, 
often being measurable after some 15 min. 

If the dielectric is a homogeneous material 
the charge due to absorption will be, after 
the potential has been impressed some time, 
evenly distributed throughout the mass. 
Assuming the charge to flow in from both 
electrodes during the period of absorption, 
the current flowing at the center of the 
dielectric will be zero and will increase as a 
linear function of the distance from the 
center of the material. From this analysis 
it is evident that the gradient is not con- 
stant during the absorption time but is a 
maximum at the electrodes and zero at the 
center of the dielectric. It is, however, 
probably constant after the charging process 
has ceased. Thus the required condition 
for a uniform voltage distribution in the 
insulation is not fulfilled and consequently 
the gradient over the surface "cannot be 
uniform. If the gradient along the surface 
of the rubber cylinder anywhere exceeds the 
breakdown strength of the air small arcs 
will bridge the high gradient area. These 
small ares are sufficient to ionize the air 
and cause complete breakdown of the gap 

However, if the potential could be raised 
very gradually, or, in other words, the ab- 
sorption current limited, it will be possible 
to increase the potential difference across the 
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gap to a higher value than if the absorption 
current were allowed to create gradients 
near the electrodes in excess of the critical 
gradient of the air. To verify this point 
the following test was set up: Three 
samples were made in accordance with the 
specifications established by Mr. Maxstadt 
and were found to impart to the gap a break- 
down strength of approximately 14.5 kv at 
60 cycles per second. When a direct poten- 
tial of 15 kv from a high voltage battery 
was applied the gap immediately broke 
down. Next a 10-megohm resistor was 
placed in series with the line and a large high 
voltage condenser connected in parallel 
with the gap. The voltage across the 
gap was thus caused to rise very slowly 
when potential was applied. Under this 
condition no breakdown occurred at 15 
ky. Thus the gradients at the electrodes 
were held below the breakdown gradient. 

This is probably the explanation of why 
rubber, a high loss dielectric, or one showing 
a comparatively large absorption current 
will cause a gap to break down while glass 
or other low loss dielectrics will not under 
the same potential conditions. 


Very truly yours, 


Eric A. WALKER 
(Electrical Engineer- 
ing Department, 
Tufts College, Med- 
ford, Mass.) 


Graphical Solution of 
Star-Delta Transformations 


To the Editor: 

I read with interest the letter “Graphical 
Solution of Delta-Star Resistance Trans- 
formations” by W. W. Edson which you 
published in the October 1934 issue of ELEc- 
TRICAL ENGINEERING, p. 1427. 

In connection with the solution of equiva- 
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Fig.1. A graphical 
solution of star-delta 
transformation 
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lent delta-wye impedances (having the same 
ratio of resistance to reactance) your readers 
may be interested to know that an equiva- 
lent delta impedance may be found from 
known wye impedances by means of the 
simple diagram shown in Fig. 1. In this 


diagram A, B, and C are the delta imped- 
ances, and a, b, and c are the wye imped- 
The equivalent delta impedances 


ances. 


Fig. 2. Construction involved in YA 
method of transformation \ 

6) = OW’ la = OB e= OC 
ya = OYa ys = OYsp- yo = OYo 


in terms of the wye impedances are as fol- 
lows: 


A= 


) ap Oop sw 
B=a+t+ce+%s 
C=a+t+b+%e 


As a matter of interest the construction 
and proof of this method follow. 


PROCEDURE 


The procedure for this method (see figure 
2) is as follows: 


1. Let the smallest wye impedance be represented 
by a. Let the intermediate value of the 3jwye im- 
pedances be represented by b, and the largest }wye 
impedance by c. 

2. With a, b, and ¢ as radii draw 3 concentric 
circles. 

3. Draw line OB containing OA (radius of a) and 
OB (radius of b). 


4. At points A and B draw tangents to circles a 
and b, 


5. These tangents intersect circle c at C and C’, re- 
spectively. 


6. Ya is the intersection of OC extended and tan- 
gent at B. Then if OY4 is denoted by ya, the 
equivalent delta impedance A = b+c¢+ ya. 


7. Ypis the intersection of OC’ and the tangent at 
A. Then if OYB is denoted by yz, the equivalent 
delta impedance B = a + ¢ + yp. 


8. Yc is the intersection of a normal to OC from 
point B and the line OC. Then if the intercept 
OYc is denoted by yc, the equivalent delta imped- 
anceC =a+b)+ ye. 


PROOF 


The well-known relationship between the 
equivalent delta impedance and the known 
wye impedance is: 
ab + ac + be 

a 


A= 


From similar triangles OY 4B and OCA 
ya _ } be 


Cc a 
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Therefore A =b+c+y4=b+6¢+4+ 
be  ab+ac + be 
e a 


From similar triangles OYgA and OC’B 


Vp a ac 
ae ars 

ThereforeB =a+cec+yp=at+et 
ac _ ab + be + ac 


b b 

From similar triangles OY¢B and OY 4B 
Yo b bb bb ab 

See ea Moi a =) 

Din 4 Par SO oc 


ThereforeC =a+6+yc=a+6+ 
ab ac+ be + ab 
ain EAE 
Very truly yours, 
Davin J. Bat (Enrolled Student) 


(Rensselaer Polytechnic Institute, 
Troy, N. Y.) 


Operational 
Calculus 


To the Editor: 

This communication proposes to correct 
a number of the inaccuracies in Prof. M. F. 
Gardner’s paper ‘‘Operational Calculus” ap- 
pearing in the October 1934 issue of ELEc- 
TRICAL ENGINEERING, page 1,339-47. 

When it is said that ‘‘operational calculus 
applies to systems or situations where cause 
and effect stand in linear relation,’ one 
should not infer that it is inapplicable to 
nonlinear conditions. 

The extent to which an operator may be 
handled as an algebraic quantity is re- 
stricted by and determined from its defini- 
tion. An operator may be handled as a 
quantity in ways other than that suggested 
by the technique of the ordinary algebra; 
e. g., “Introduction to a Form of General 
Analysis,” by E. H. Moore, New Haven 
Mathematical Colloquium, 1906; ‘‘A New 
Foundation for General Algebra,” by J. W. 
Young, Annals of Mathematics, 1927, series 
2, volume 29, page 47. 

When Leibniz adopted the Fs form in 
1675, Johann Bernoulli was already using 
the D form. 

The expansion of rational functions into 
terms having linear denominators was ac- 
complished by L. Euler in 1775 (“Op. 
Anal.,’’ volume 1, page 157), and by J. L. 
Lagrange in his formula for interpolation in 
1795 (“‘Oeuvres,” volume 7, page 286). 

The determination of particular integrals 
by the method of partial fractions with the 
variable replaced by the operator D seems 
to have been first published by R. Lobatto 
in his “Théorie des Charactéristiques” in 
1837. 

Between 1840 and 1880, operation meth- 
ods were considerably researched upon by 
C. Babbage, G. Boole, J. Blissard, J. Ham- 
mond, C. J. Hargreave, J. Herschel, H. M. 
Jeffery, E. McClintock, I. Todhunter, and 
others. For a comprehensive survey of 
work done, see a paper by S. Pincherle in 
“Encyklopaedie der Mathematische Wis- 
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senschaften,”’ band 2, teil 1, page 761. The 


so-called ‘‘shift”’ theorem: 
W(D)e"G(t) = eY(D + h)o(t) 


may for instance be found in a paper by 
C. J. Hargreave (Philosophical Transactions, 
Royal Society, London, 1848, page 31) 
where it is stated to have been already well 
known. 

The formula evaluation of coefficients in 
expansions even more general than that of 
Heaviside’s (1886) was provided by G. 
Mittag-Leffler in 1880 (g. v., “Modern 
Analysis” by E. T. Whittaker and G. N. 
Watson, 4th edition, page 134). 

The essential and distinguishing features 
of Heaviside’s p operational calculus from 
the conventional D operational calculus 
lie in the p-integration: 


“No@1@)} = Lim 


ny>o 


“o1 (at 


(q. v., “Treatise on Differential Equations” 
by A. R. Forsyth, page 57. ‘‘Electromag- 
netic Theory” by O. Heaviside, volume 1, 
page 392; volume 2, paragraph 239, page 59) 
and in the introduction of the unit function: 


1@) SO) es? OS 


into the operand so as to avoid getting any 
but desirable answers when the ordinary D 
operational formulas are applied, with D 
replaced by p, and p~ interpreted as the 
definite integral above. 

Although Heaviside was well versed in 
Fourier analysis (‘‘Théorie Analytique de la 
Chaleur” by J. B. J. Fourier, 1822; com- 
plex variable elaboration, by Cauchy, 
Dirichlet, Dini, etc.), no explicit evaluation 
of the unit function appears in his writings. 
The honor of determining the necessary and 
sufficient conditions under which this can be 
done falls to T. J. I.’A. Bromwich (London 
Mathematical Society Proceedings, volume 
15, 1916; page 401; paper read Mar. 12, 


1914): 
] c+jo evt 
1) = a oi UDG P= Gy = 
Hence, if: 
L (per 
and 7() = 0 for ¢ < 0, then: 
iW =F ae $(t)1() 


Utilizing the D operational theorems: 

DP R(t) = F(t + h) 

o(D) { or(t)b2(f) } = oi(t + Do) db0(D2) b2(#) 

and the aye form of the unit Cea 
1 V(r) Je 

on} i, [oD ZO ) 


which is the contour integral solution of the 
Heaviside problem as substantially given by 
Bromwich, and his disciple, H. Jeffreys. 

From the researches of Euler, as pointed 
out by Heaviside (“‘Electromagnetic The- 
ory,” volume 3, paragraph 526): 


SIO) = fom sods = fis (eax 
Hence obviously: 

Yb) ape a 

sat HNO = Jy oem 


Thus, the so-called ‘“‘Carson’’ integral equa- 
tion (Bell System Technical Journal, Nov. 


i) = ody 


1922, page 43) was known to Heaviside at 
least before 1912. Why more extended use 
of this integral equation was not made by 
Heaviside is recognizable, first, because of 
his brilliant success in solving difficult prob- 
lems by closed and open operational meth- 
ods, and secondly, by finishing the half- 
quotation (‘Electromagnetic Theory,” 
1899, volume 2, page 11) in J. R. Carson’s 
book (‘Electric Circuit Theory and the 
Operational Calculus,’’ 1926, page 32). 

“.. are apt to take refuge in a definite integral, and 
call that the solution. It is certainly one form of 
the solution. But it may be just as hard, or harder, 
to interpret than the differential equation of the 
problem in question.” 

That the Heaviside-Carson integral equa- 
tion is now meeting applicational success is 
because admittedly ‘‘a large number of in- 
finite integrals of the type appearing in 
equation 9 have been worked out”’ (Carson, 
Bell System Technical Journal, Nov. 1922, 
page 48); equation 9 in the paper being that 
in question. 

Although not entirely novel, the trans- 
form technique evolved in van der Pol’s 
papers (1929 on) is very useful. Such tech- 
nique has its purest form in symbolic analy- 
sis; g.v., “Principia Mathematica” by 
A. N. Whitehead and B. Russell. 

Very truly yours, 

I. H. Barxey (A’29) 
(Technical Consult- 
ant, 2020 32nd St., 
Brooklyn, N. Y.) 


Wine Makers and 
Bottle Makers—A Parable 


[Epiror’s Note: The parable which follows was 
part of a discussion by Professor Karapetoff of 
President J. Allen Johnson’s address ‘‘An Insight 
Into the Workings of the Institute,’’ both of which 
were presented at the A.I.E.E. North Eastern 
District meeting, Worcester, Mass., May 16-18, 
1934, President Johnson’s address was published 
in EvrecrricaL ENGINEERING for July 1934, p. 
1039-46. In Professor Karapetoff’s parable which 
follows, the specialists in any field are compared to 
the ‘‘wine makers,’’ and the administrators in the 
same field are compared to the “‘bottle makers.” 
In the Institute’s organization, both ‘‘wine makers’’ 
and “‘bottle makers’’ will be found. ] 


To the Editor: 


A certain country was noted for its won- 
derful native wines, both sparkling and 
mellow. Grapes were grown by small indi- 
vidual owners, and each specialist was 
proud of his product and of its distinct taste. 
For fermentation and aging, wine was 
poured into various casks, skins, bottles, 
jugs, etc., as the case might be. From 
time to time there was some talk about the 
containers being not always satisfactory 
and certainly not uniform. Gradually the 
makers of bottles and jugs organized an 
association to improve and to standardize 
their products, so as to provide the wine 
makers with better containers and thereby 
to assist them both in the production and 
marketing of the wines. 

It so happened that while it was easy for 
bottle makers to become organized (their 
product being standard and comparatively 
easy to manufacture), the wine makers 
continued their individual production, at 
least for the choicest vintages, where inti- 
mate individual knowledge, skill, and pro- 
fessional pride were important factors. As 
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time went on, there was more and more 
talk about excellent bottles and less and 
less talk about the wines themselves, be- 
cause the organized bottle makers had better 
publicity channels. In some cases fancy 
mass-production bottles began to be used 
for mediocre wines, thus discouraging the 
best viniculturists. 

To make the situation worse, the bottle 
makers conducted their activities as part 
of the wine making industry, and the wine 
makers were only invited from time to time 
as a favor to sit with them in their discus- 
sions. To make the camouflage complete, 
the bottle makers adopted for themselves 
the honorary degrees which the wine 
makers originally used to bestow upon their 
own distinguished confreres, such as master 
of fizz and doctor of fermentation, although 
the recipients from among the bottle makers 
did not even understand the meaning of the 
words. Every time an intricate technical 
problem in wine making arose, the bottle 
makers appointed an elaborate committee 
of their own men, with the final result that 
a bottle of a somewhat different shape was 
recommended as a remedy, even though the 
difficulty may have been of chemical or 
bacteriological nature. 

The bottle makers’ association grew and 
prospered. Not satisfied with bottles for 
wine, the association appointed representa- 
tives to sit on joint committees with makers 
of other kinds of containers, such as bath- 
tubs and garbage cans, it being assumed 
that they had much in common. In the 
meantime less and less of exquisite rare 
wines began to be produced, and more and 
more of “‘vin ordinaire’’ of uniformly sour 
taste, sold in various fancy bottles. Finally 
the more discerning consumers from abroad 
ceased buying wine from this particular 
country, and warehouses became filled with 
empty bottles of all kinds of fancy shapes. 
Some of the wine growers went into other 
pursuits, some continued outside the asso- 
ciation, and some began forming small pro- 
fessional circles of their own, very simple in 
external form, and devoted exclusively to 
real improvements in the quality of wines 
and general theory of grape culture and 
fermentation. Full membership was re- 
stricted to actual grape growers and wine 
makers; anyone interested as an amateur 
could become an associate member, but 
bottle makers were strictly excluded. In 
some circles, to be admitted one even had 
to prove that neither of his grandfathers 
was a bottle maker nor related to one. 

In the end the cycle was completed and 
the wine growers again acquired the promi- 
nence due them, while the bottle makers’ 
association became too top-heavy to con- 
tinue to exist. Individual bottle makers 
found their proper modest function fur- 
nishing simple reliable bottles as specified 
by the wine makers. From the temporary 
flare-up, when the bottle makers came near 
ruining the wine industry by their over- 
zealousness and naive conceit, some of the 
puzzling old sayings originated, such as, 
“tell your troubles to the bottle makers,” 
or “‘try a different-shape bottle.” 


Very truly yours, 


VLADIMIR KARAPETOFF 
(A’03, F’12, and Life Member) 
(Professor of Electrical Engi- 
neering, Cornell University, 
Ithaca, N.Y.) 
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Designations of 
Photo-Electric Devices 


To the Editor: 

Attention should be drawn to the desira- 
bility of standardizing the designations of 
the 4 distinct classes of photo-electric de- 
vices. There are: 


1. The vacuum-tube alkali-metal cells which 
operate with an external source of electromotive 
force. These are commonly referred to as photo- 
electric cells or as photo cells, alternatively as 
photo-electric tubes or photo tubes. These names 
are well understood. 

2. The cells which change their resistance under 
the influence of light. These are well called photo- 
resistance or photo-conductance cells. 

3. The cells containing an electrolyte and operat- 
ing in connection with some voltaic action. These 
are photovoltaic cells. 

4. The oxide-on-metal cells which without any 
external electromotive force furnish a current pro- 
portional to the incident luminous flux. These are 
variously called blocking-layer cells, barrier-layer 
cells, and barrage cells. These terms are objec- 
tionable in that they represent the selection of a 
name in accordance with a theory of the operation 
of the device rather than from a consideration of its 
obviously distinctive properties. They are also 
called photo-voltaic cells which is clearly a mis- 
nomer. 


There is clearly a need for giving to this 
last class of cells a name which is both dis- 
tinctive and descriptive. The most dis- 
tinctive feature of these cells is that they 
will deliver a current proportional to lu- 
minous flux without the application of an 
external electromotive force. True, this 
is also true of the photo-voltaic cells, but 
they already have a distinctive name of 


their own and there is no chance for con- 
fusion. The oxide-on-metal cells constitute 
the only practical photo-electric devices in 
which the electromotive force necessary to 
produce the current is generated in the cell 
itself, under the influence of light. These 
cells therefore might be called “‘photo-emf”’ 
cells. 

The presence of a true electromotive force 
in these cells has been questioned. This 
matter may be examined in the light of the 
following definition contained in the report 
on definitions of electrical terms of the sec- 
tional committee which the A.I.E.E. is 
sponsoring: _‘‘Electromotive force is the 
property of a physical device which tends 
to produce an electric current in a circuit.” 
The answer is unambiguous. The question 
as to the allowability of forming a word 
partly out of an abbreviation will have to be 
answered by saying that the word so formed 
is understandable, practical, convenient 
and fits the case. It is an innovation, but 
engineers and scientists are usually not 
afraid of justifiable innovations. 

At any rate there is need for a good name, 
whether it be this one or another, and it 
should be given and sanctioned before any 
of the present unsatisfactory terms becomes 
so firmly entrenched as to remain a burden 
on terminology for all time. 

Very truly yours, 
CLAYTON H. SHARP 
(A’02, F’12, and member for life) 
(Technical Consultant in Elec- 
tricity and Light, White Plains, 
N. Y.) 


pete ancl lranmae 


W. R. Situ (M’18, F’30) assistant chief 
engineer, United Engineers and Construc- 
tors, Inc., Newark, N. J., has been ap- 
pointed chairman of the board of examiners 
of the Institute for the year 1934-35. Mr. 
Smith was born at Charleston, S. C., in 
1885. In 1906 he graduated from Clemson 
Agricultural and Mechanical College, re- 
ceiving the degree of B.S. in mechanical and 
electrical engineering. Following gradua- 
tion he remained for a year as secretary and 
engineering assistant to the department 
head and then entered the apprentice course 
of the Westinghouse Electric and Manu- 
facturing Company. From 1908 to 1913 


W. R. SMITH 


E. L. MORELAND 


he was employed by the Hartford Suspen- 
sion Company, Jersey City, N. J., and from 
1914 to 1922 by the Public Service Electric 
Company, Newark, N. J., where he was con- 
cerned with construction work, becoming 
field engineer in 1917. With the formation 
of the Public Service Production Company 
in 1922 he became superintendent of the 
electrical construction department and 
managing electrical engineer in charge of 
the electrical engineering department in 
1924, accepting his present position in 
1927. He has been a member of the board 
of examiners of the Institute since 1930, and 
is chairman of the New York Section. His 
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other memberships include the Illuminating 
Engineering Society, the Edison Electric 
Institute, and the Essex Electrical League. 


E. L. Morevanp (A’11, F’21) of Jackson 
and Moreland, Boston, Mass., has been 
appointed chairman of the standards com- 
mittee of the Institute for the year 1934-35. 
Mr. Moreland was born at Lexington, Va., 
and in 1905 graduated from The Johns 
Hopkins University, Baltimore, Md., with 
the degree of A.B. in mathematics and 
physics. Three years later he entered 
the employ of D. C. Jackson (A’87, F’12, 
and past-president) and W. B. JAcKson 
(A’97, F’13) consulting engineers in Chicago, 
Iil., and Boston, Mass. He was made a 
partner of the firm in 1916. Upon his 
return from military service after the 
war the partnership with D. C. Jackson was 
formed. Among the projects of this 
firm have been the electrification of the 
Great Northern Railway through the Cas- 
cades and the electrification of the Lacka- 
wanna Railroad suburban service out of 
Hoboken, N. J. Mr. Moreland has been a 
member of the Institute’s transportation 
committee since 1931, and of the standards 
committee since 1932. He has also served 
on the committees on power generation, 
1929-31; electrical machinery, 1929-31; 
technical program, 1929-34; and Institute 
policy, 1933-34; and has recently been ap- 
pointed Institute representative on the 
standards council of the American Standards 
Association. 


Haro_p Goopwin, Jr. (A’1l, F’23) con- 
sulting engineer, Wyncote, Pa., has been 
appointed chairman of the Institute’s 
committee on transfers for the year 1934-35. 
Mr. Goodwin was born at Philadelphia, Pa., 
in 1888. In 1908 he received the degree of 
B.S. in electrical engineering from the 
University of Pennsylvania, and entered 
the employ of the Philadelphia Electric 
Company. He became superintendent of 
distribution in 1915, in which position he 
devised the 4-phase 2,300/4,600-volt system 
of distribution. In 1919 he entered power 
and transmission work with the General 
Electric Company, Schenectady, N. Y., 
and the following year became engaged in a 
power survey which was under the auspices 
of the U.S. Geological Survey. In 1922 
he joined the staff of the engineering firm of 
Sanderson and Porter, New York, N. Y., 
and subsequently was connected with the 
Columbia Engineering and Management 
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F. D. KNIGHT 


M. K. GOLDSTEIN 


corporation. He now has offices in Phila- 
delphia, Pa., and is associated with H. L. 
Doherty and Company, New York. He 
has served on the Institute’s committees on 
membership, 1916-18; standards, 1923-25; 
electrical machinery, 1924-27; and associ- 
ate dues and related matters, 1932-34. 
He has been a member of the board of ex- 
aminers since 1925 and was chairman 
1931-34, and has been a member of the 
committee on transfers since 1932. 


F. D. Knicur (M’25) assistant superin- 
tendent, generating department, Edison 
Electric Illuminating Company of Boston, 
Mass., has been appointed chairman of the 
safety codes committee of the Institute for 
the year 1934-35. Mr. Knight was born at 
Limerick, Maine, in 1883. After a few 
years’ experience with the General Electric 
Company at Lynn, Mass., he entered the 
University of Maine and received the 
degree of B.S. in electrical engineering in 
1909. For 16 years he was connected with 
Stone and Webster, Inc., in enterprises in 
various parts of the country. Among these 
were the pioneer mercury turbine plant of 
the Hartford Electric Light Company and 
the first 1,400-lb steam plant of the Edison 
Electric Illuminating Company of Boston. 
Mr. Knight assumed his present duties 
with the latter company in 1925. He has 
been a member of the safety codes commit- 
tee of the Institute since 1930, and is also 
Institute representative on the committee 
on low voltage hazards of the National 
Safety Council, on the electrical committee 
cf the National Fire Protective Association, 
and on the National Fire Waste Council. 


M. K. Go.pstern (A’33) development 
engineer, J. D. Radio Company, Baltimore, 
Md., has been awarded the 1933 A.I.E.E. 
Middle Eastern District prize for best paper 
for his paper ‘‘Telemetering in Large Power 
Stations.” Mr. Goldstein was born at 
Baltimore in 1909, and is a graduate of 
The Johns Hopkins University, class of 
1930. He continued his studies with the 
aid of a scholarship and received the degree 
of doctor of engineering in 1933. He 
majored particularly in radio engineering, 
engaging in research on development, con- 
struction, and studies of duplex triple-grid 
tubes with particular reference to their 
intergroup shielding factors and effects of 
space charge modifications. During sum- 
mers he has been employed as expert ex- 
aminer in mathematics by the United 


States Government, and by the J. D. Radio 
Company. In 1933 he made an extensive 
survey of telemetering apparatus with 
particular reference to its use of thermionic 
and photronic devices upon which his paper 
was based. He isa member of the Institute 
of Radio Conferees, Institute of Radio Engi- 
neers, and Sigma Xi. 


A. A. KRoneBERG (A’26) technical 
assistant to operating engineer, Southern 
California Edison Company, Ltd., Los 
Angeles, with his co-author L. F. Hunt 
(A’21) has been awarded the 1933 A.I.E.E. 
Pacific District prize for best paper for their 
paper entitled “Some Recent Relay De- 
velopments.’”” Mr. Kroneberg was born 
at Ekaterinbourg, Russia, in 1899. He was 
educated at schools in Russia and after 
coming to the United States in 1923 entered 
the electrical engineering course at Cali- 
fornia Institute of Technology, where he 
was elected to Tau Beta Pi. Following 
graduation in 1926 he entered the training 
course of the Southern California Edison 
Company and became electrician at the 
Long Beach steam station. He was ap- 
pointed to his present position in 1931. 


L. F. Hunt (A’21) technical assistant to 
the operating engineer, Southern California 
Edison Company, Ltd., Los Angeles, has, 
with his co-author, A. A. KRONEBERG 
(A’26) been awarded the 1933 best paper 
prize of the Institute’s Pacific District for 
the paper entitled ‘‘Some Recent Relay 
Developments.’’ He was born in San José, 
Calif., in 1897. In 1919 he graduated from 
the University of Southern California with 
the degree of bachelor of science in electrical 
engineering. In 1928 he received the 
degree of electrical engineer from this in- 
stitution. During the period 1916-19 he 
was electrician in charge for the University 
of Southern California, and in 1919 entered 
the graduate student course of the Westing- 
house Electric and Manufacturing Com- 
pany at East Pittsburgh, Pa. The follow- 
ing year he became a member of the supply 
engineering department of this company, 
engaged in relay design and application, 
continuing this work until 1922 when he 
undertook protection engineering for the 
Southern California Edison Company. In 
1924 he became assistant to the chief elec- 
trical engineer of the company, and the 
following year became development engineer 
and technical assistant to the research 
engineer. Since 1930 he has been technical 
assistant to the operating engineer. He has 
designed many relays and relay schemes, the 
most recent of which is a carrier current 
system. He has also designed many high 
speed recording instruments. He isa mem- 
ber of Eta Kappa Nu and Sigma Alpha 
Epsilon fraternities. 


S. W. Hannau (Enrolled Student) service 
department, Hoover Company, Denver, 
Colo., with his co-author A. E. LoGAN (En- 
rolled Student) has been awarded the Insti- 
tute’s 1933 North Central District prize for . 
Branch paper and has received honorable 
mention in the 1933 national awards for 
Branch paper for the paper entitled ‘“‘The 
Measurement and Control of the Syn- 
chronous Machine Torque Angle.” He was 


1683 


born at Denver, March 30, 1911, and entered 
the University of Colorado at Boulder in 
1929 as a holder of a scholarship. During 
his senior year, when the paper was pre- 
sented, he was chairman of the Institute’s 
University of Colorado Branch. In 1933 
he received the degree of bachelor of science 
in electrical engineering with special honors, 
and received a fellowship in the department 
of electrical engineering for the year 
1933-34. Mr. Hannah received the degree 
of master of science in 1934. He is a inem- 
ber of Tau Beta Pi, Sigma Tau, Sigma Xi, 
and Eta Kappa Nu. 


ArtTHUR Srmmon (A’03, F’18) engineering 
and patent consultant, Milwaukee, Wis., 
has had the honorary degree of doctor of 
science conferred upon him by Marquette 
University, Milwaukee. The citation 
stated ‘‘Arthur Simon—patent expert for 
Cutler-Hammer Co., in whose services he 
has been for 30 years—a citizen who has 
generously given his technical services to 
the public welfare, who by his own con- 
tributions to the science of electrical en- 
gineering—by his papers before local and 
national engineering societies, and by his 
service to the engineering profession, 
locally, nationally, and internationally, is 
entitled to the degree of doctor of science, 
honoris causa.’’ Dr. Simon was a member 
of the Institute’s committee on power 
transmission and distribution, 1923-25. 


H. H. Barnes, Jr. (A’00, F’13) commer- 
cial vice president, Geneial Electric Com- 
pany, New York, N. Y., is serving as as- 
sistant chairman of the electrical section of a 
committee of business men in a drive to 
increase the membership of The Merchartits’ 
Association of New York. Mr. Barnes has 
been very active in committee work in the 
Institute, and is now serving on the Edison 
medal committee and on the committee 
on code of principles of professional con- 
duct. He was a manager of the Institute 
1910-13, and a vice president 1913-15. 


E. C. M. Sran, (M’27) formerly as- 
sistant operating superintendent, Brooklyn 
Edison Company, Inc., Brooklyn, N. Y., 
has been appointed operating superintend- 
ent. Mr. Stahl is a graduate of Cornell 
University, and was with the New York 
Central Railroad and the Pittsburgh Trans- 
former Company before joining the Brook- 
lyn Edison Company 12 yearsago. He be- 
came assistant operating superintendent in 
1980. 


P. H. Moon (A’24, F’34) assistant pro- 
fessor of electrical engineering, Massa- 
chusetts Institute of Technology, Cam- 
bridge, has designed and will be in charge of 
a 4-year course in illuminating engineering 
to be given at that college. Professor 
Moon was a member of the Institute’s 
committee on the production and applica- 
tion of light 1931-33. 


FREDERICK CREEDY (M’30) formerly re- 
search assistant professor at Lehigh Uniyer- 
sity, Bethlehem, Pa., has accepted an ap- 
pointment as professor of electrical engineer- 
ing at the University of British Columbia, 
Vancouver, Canada. Professor Creedy is a 
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member of the Institute’s committee on 
electric welding, on which he has served 


since 1930. 


Victor FREDERIKSEN (A’32) is electrical 
engineer for the National Electric Coil 
Company, Columbus, Ohio. This company 
was formerly the National Armature and 
Electric Works, Bluefield, W. Va., where 
Mr. Frederiksen has been located since 
1926, and which, while continuing there is 
opening a new plant at Columbus. 


Aspram Hussey (A’06, M’18) superin- 
tendent of distribution, Brooklyn Edison 
Company, Inc., Brooklyn, N. Y., for more 
than 21 years, retired recently. Before 
coming to the Brooklyn Edison Company he 
was employed by the New York Central 
Railroad in connection with the electrifica- 
tion in the New York area. 


C. W. CaLpwELt (A’32) formerly in the 
electrical engineering department of the 
University of South Dakota, Vermillion, 
has become instructor in electrical measure- 
ments at Purdue University, Lafayette, 
Ind. Mr. Caldwell has been serving as 
counselor of the University of South Dakota 
Branch of the Institute. 


Pau Dory (A’04, M’12) formerly chair- 
man of the Minnesota State Board of 
Registration, St. Paul, has been appointed 
regional reconditioning supervisor, Home 
Owners Loan Corporation, Atlanta, Ga. 
Mr. Doty is president of The American 
Society of Mechanical Engineers and a vice 
president of American Engineering Council. 


T. R. Lancan (A’13, M’30) northeastern 
district manager, Westinghouse Electric and 
Manufacturing Company, New York, N. Y., 
is a member of the electrical section of a 
committee of business men in a drive to 
increase the membership of The Merchants’ 
Association of New York. 


L. B. BENDER (A’20, M’27) signal corps, 
U.S. Army, has been promoted from 
major to lieutenant colonel, and has been 
transferred from headquarters, fifth corps 
area, Columbus, Ohio, to Wright Field, 
Dayton, for duty in charge of the aircraft 
radio laboratory. 


R. A. BELINGE (A’28) valuation engi- 
neer, San Francisco, Calif., is with the 
United States Forest Service. He was 
formerly chief engineer, East Bay Cities 
Rate Department, Oakland, Calif., and ‘has 
the rank of captain, signal reserve, United 
States Army. 


KryosHo Yamamoto (A’20) formerly 
director in charge of the manufacturing 
department, Sumitomo Electric Wire and 
Cable Works, Ltd., Osaka, Japan, has 
become managing director of the Sumitomo 
Aluminum Reduction Company, Ltd., 
Niihamacho, Niigun, Ehimeken, Japan. 


L. J. Monrcomery (A’18) who has been 
assistant general sales manager of the 
New York and Queens Electric Light and 
Power Company, Long Island City, N. av) 


since 1917, has been appointed general sales 
manager. 


M. O. DELLPLAIN (A’08, M’12) president 
of the Northern Indiana Public Service 
Company, Hammond, Ind., since 1929, 
has resigned to become vice president of the 
Welsbach Street Light Company of 
America, Philadelphia, Pa. 


J. A. Patren (A’28) assistant general 
superintendent of the Lynn Gas and Elec- 
tric Company, Lynn, Mass., since 1930, 
has been appointed general superintendent. 
He has been with the Lynn company since 
1911. 


W. R. Srreuii (A’27) until recently 
with the substation department of the 
Long Island Railroad, Long Island City, 
N. Y., has joined the staff in charge of de- 
sign and development of the Telephonwerke 
Albisrieden, Zurich, Switzerland. 


E. R. McKee (A’30) who has been ‘as- 
sistant professor of electrical engineering at 
Iowa State College, Ames, has accepted a 
position as professor and head of electrical 
engineering at the University of Vermont, 
Burlington. 


J. D. Sracy (A’20) who was formerly in 
charge of the radio receiver division of 
the RCA-Victor Company at Camden, 
N. J., has accepted a position as capacitor 
design engineer for the General Electric 
Company at Pittsfield, Mass. 


E. G. Curtwick (A’26, M’33) formerly 
assistant professor of electrical engineering, 
University of British Columbia, Vancouver, 
Canada, is now in the electrical engineering 
branch of the Military College of Science, 
London, England. 


E. C. Mixpz (A’32) formerly an instructor 
in physics at Worcester Polytechnic In- 
stitute, Worcester, Mass., has accepted a 
position in the laboratories of the Atwater 
Kent Manufacturing Company, Phila- 
delphia, Pa. 


C. M. UNDERWoop (A’31) formerly sales 
engineer, Raytheon Manufacturing Com- 
pany, Newton, Mass., is senior welding en- 
gineer, United States Navy Yard, Washing- 
(woyayy J DY, (Ce 


C. H. Lypaty (A’20) formerly repre- 
sentative in Chicago, IIl.,. of Merz and 
McLellan, London, England, is now North 
American representative with offices in 
London. 


C. W. Davzett (A’27) formerly a sales 
engineer for the Suburban Electric Develop- 
ment Company, Pittsburgh, Pa., is now 
with the Heyer Products Company, Inc., 
Belleville, N. J. 


L. S. Cooper (A’29) formerly with the 
Hoffman Beverage Company, Newark, 
N. J., is an engineering assistant in the 
transportation department of the General 
Electric Company at Erie, Pa. 
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W. A. Biack (A’12, M’30) formerly’ dis- 
trict manager, Allen-Bradley Company, 
Cleveland, Ohio, is electrical sales man- 
ager for the Fairbanks Morse Company, 
Cincinnati, Ohio. 


James Dixon (A’02, M’13) formerly 
with the Reliance Electric and Engineering 
Company, Cleveland, Ohio, is now with the 
_ Crocker Wheeler Electric Manufacturing 
Company, Ampere, N. J. 


C. D. Fripay (A’30) who has been a post- 
graduate student at Ohio State University, 
Columbus, is assistant electrical engineer, 
bureau of yards and docks, Navy Depart- 
ment, Washington, D. C. 


K. D. ENcLE (A’25) formerly with the 
Cornell-Dubilier Corporation, New York, 
N. Y., is now factory superintendent for 
the Micamold Radio Corporation, Brooklyn, 
ING Ne 


Gorpon CAvVANAGH (A’32) valuation and 
rate engineer who was with the North 
American Light and Power Company, 
Chicago, IIl., is now with the Illinois Power 
and Light Corporation, Monticello, Ill. 


E. B. Hears (A’25) formerly of Pacific 
Palisades, Calif., has accepted a position 
in the department of engineering and mathe- 
matics of the San Bernardino Valley Junior 
College, San Bernardino, Calif. 


J. R. Strone (A’01 and member for life) 
president, Tucker Electrical Construction 
Company, New York; N. Y,, has retired 
from business and resides at Short Hills, 
ING 


A. R. Nevson (A’22, M’29) Public Ser- 
vice Electric and Gas Company, Newark, 
N. J., has been appointed assistant superin- 
tendent of electrical distribution in the 
Essex County division of the company. 


F. S. Kincstron (M’30) Elizabeth, N. J., 
is president of the recently organized 
Kingston-Conley Electric Company of 
Jersey City, N. J., manufacturers of frac- 
tional horsepower motors. 


P. W. Baker (A’16, M’29) formerly en- 
gineer in the small motor division, Wagner 
Electric Company, St. Louis, Mo., is now 
in the engineering department of the Kel- 
vinator Corporation, Detroit, Mich. 


M. F. Beat (A’32) Grand Rapids, Mich., 
is assistant to the chief engineer, Michigan 
Gas and Electric and Michigan Public 
Service companies, with general offices at 
Holland, Mich. 


W. W. Wooprurr (A’16) Swarthmore, 
Pa., is engineer of design and construction, 
Tennessee Valley Authority, and is now 
located at Chattanooga, Tenn. 


NaTHANIeEL BisHor (A’26) Bridgeport, 
Conn., has joined the radio sales engineer- 
ing department of the General Electric 
Company in Bridgeport. 
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D. C. Green (M’26) president, Middle 
West Utilities Company, Chicago, IIl., has 
been named a temporary trustee of the 
company, which is in receivership. 


F. M. Tarr (A’94, F’12) president, Day- 
ton Power and Light Company, Dayton, 
Ohio, has been elected a director of the 
Columbia Gas and Electric Corporation. 


L. V. Banta (A’34) Bloomfield, N. J., is 
assistant to the sales engineer, Edison 
storage battery division of Thomas A. 
Edison Inc., West Orange, N. J. 


C. M. Wo.re (A’27) formerly of King- 
wood, W. Va., is now at the New Mexico 
State College of Agriculture and Mechanic 
Arts, State College. 


C. F. Kine, Jr. (A’16) general engineer, 
Westinghouse Electric and Manufacturing 
Company, has been transferred from 
East Pittsburgh, Pa., to Philadelphia, Pa. 


J. E. Davies (A’32) distribution engi- 
neer, Public Service Company of Colorado, 
has been transferred from Idaho Springs to 
Denver. 


H. R. McKinney (A’33) U. S. Electrical 
Manufacturing Company, 
Calif., has been transferred from the en- 
gineering to the sales department. 


J. M. Lyons (A’28) assistant engineer, 
General Electric Company, has been trans- 
ferred from West Lynn, Mass., to Schenec- 
tady, N.Y. 


O. R. Firz (A’33) Bayside, N. Y., is an 
engineering assistant with the New York 
and Queens Electric Light and Power Com- 
pany, Flushing, N. Y. 


M. W. Smepsurc (A’33) formerly em- 
ployed by the board of public utilities, 
Jamestown, N. Y., is working for the Ten- 
nessee Valley Authority, Knoxville, Tenn. 


D. W. YAmBErRT (A’16, M’21) is an en- 
gineer with the Dravo Contracting Com- 
pany, Pittsburgh, Pa., and resides at Ada, 
Ohio. 


C. M. Torman (A’20, M’20) is an en- 
gineer with the Bartlett Hayward Com- 
pany, New York, N. Y., and resides in 
Brooklyn, N. Y. 


H. W. Morris (M’24) Washington, D. C., 
is with the bureau of public debt, accounts 
and audits, U.S. treasury department. 


C. R. Suretps (A’34) is a hydroelectric 
plant operator for the Western Colorado 
Power Company at Telluride. 


J. T. Ketty, Jr. (A’12, M’22) St. Louis, 
Mo., is a salesman for the General Electric 
Company there. 


Los Angeles, | 


Obituary 


FRANK JULIAN SPRAGUE (A’87, M’97, 
F’12, HM’32, past-president and member 
for life) president, Sprague Safety Control 
and Signal Corporation, New York, N. Y., 
died October 25, 1934. Doctor Sprague 
was born at Milford, Conn., July 25, 1857. 
From 1874 to 1878 he attended the U. S. 
Naval Academy, and in 1882 attended the 
Crystal Palace Exhibition, London, to 
prepare a report for the Navy Department 
on electrical machinery, in which he recom- 
mended the use of direct-connected com- 
pound-wound dynamos for use on ships. 
In the spring of 1883 he resigned from the 
navy and for a year worked with Thomas A. 
Edison. The Sprague Electric Railway and 
Motor Company was organized by him in 
1884, and in 1887 he undertook the building 
of the first extensive electric street railway, 
at Richmond, Va., on a 90-day contract. 
His success here led to contracts for 110 
other railways. This company was merged 
with the General Electric Company in 1890, 
and in 1892 Doctor Sprague formed the 
Sprague Electric Elevator Company for the 
development and promotion of electric 
elevators. In 1895 he invented the multiple 
unit system of train control, which was ap- 
plied 2 years later on the elevated lines in 
Chicago, Ill., for which project the Sprague 
Electric Company was formed. From 1903 
to 1908 he served on the commission for the 
electrification of the Grand Central Ter- 
minal, New York. His automatic train con- 
trol system was developed in 1906, at which 
time he formed the Sprague Safety Control 
and Signal Corporation. Doctor Sprague is 
credited with a number of other accomplish- 
ments, including the introduction of the 
constant speed motor, regenerative control, 
3-point geared motor suspension, and, in 
1926, the dual elevator, whereby 2 elevators 
operate in the same shaft. Doctor Sprague 
received the Elliot Cresson medal of the 
Franklin Institute in 1904, the A.I.E.E. 
Edison Medal in 1910, and the Franklin 
medal of the Franklin Institute in 1921. 
Stevens Institute of Technology conferred 
upon him the degree of doctor of engineering, 
Columbia University that of doctor of sci- 
ence, and the University of Pennsylvania 
that of doctor of laws. In October 1934, 
the John Fritz gold medal, the highest dis- 
tinction bestowed jointly by the national 
societies of civil, mining and metallurgical, 
mechanical, and electrical engineers of the 
United States, was unanimously awarded 
him, presentation to be made at one of the 
sessions of the Institute’s winter convention; 
Doctor Sprague received notification of the 
award only a few days before his death. 
For the period 1890-92 he served the Insti- 
tute as a vice president, and was president 
for 1892-93. The committees on which 
he served were the Edison medal, 1911-16, 
traction and transportation (now trans- 
portation), 1914-16, and a special committee 
on the history of the electrical industry, 
1932-34. A paper on the early develop- 
ments in electric transportation was pre- 
pared by Doctor Sprague for the May 1934 
issue of ELECTRICAL ENGINEERING, and 
was published on pages 695 to 706. A bio- 
graphical sketch of Doctor Sprague was 
given on page 791 of the same issue. 
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Martin L. Roper (M’24) assistant to 
superintendent of transmission, Pennsyl- 
vania Power and Light Company, Hazleton, 
Pa., died April 22, 1934, according to word 
just received at Institute headquarters. 
He was born at Brooklyn, Pa., July 23, 
1883, and received the degree of bachelor of 
science in electrical engineering at Pennsyl- 
vania State College in 1906. After short 
periods of time with the Westinghouse 
Electric and Manufacturing Company as an 
engineering apprentice and with the Alle- 
ghany County Light Company, Pittsburgh, 
Pa., as a draftsman, he entered the coal 
mining department of the Delaware, Lacka- 
wanna, and Western Railroad at Scranton, 
Pa., and subsequently became district elec- 
trical foreman, being transferred to King- 
ston, Pa., in 1912. In 1921 he undertook a 
similar position with the Glen Alden Coal 
Company there, and later that year became 
general electrical foreman for that company 
at Scranton. Since 1930 he had been with 
the utility. Mr. Roper was a vice chairman 
of the Lehigh Valley Section of the Institute 
during the year 1933-34. 


WarREN PartTRIDGE (A’04, M’29) vice 
president, Utility Management Corpora- 
tion, New York, N. Y., died October 30, 
1934. He was born at Boston, Mass., 
January 10, 1875. After graduation in 
1897 from the electrical engineering course 
at Harvard University he was employed by 
the Public Service Corporation of New 
Jersey at Newark as an inspector, division 
superintendent, and assistant chief engineer, 
until in 1909 he became general superin- 
tendent for the Springfield Power and Light 
Company, Springfield, Ill. Three years 
later he assumed the office of general man- 
ager of the Pennsylvania Public Service 
Company, Clearfield. From 1919 to 1925 
he was a consulting engineer for H. D. 
Walbridge and Company, New York, after 
which he was with the J. G. White Manage- 
ment Corporation, serving as vice president 
of the Pennsylvania Electric Company and 
subsidiaries and the New England Gas and 
Electric Corporation and subsidiaries. Mr. 
Partridge was appointed a vice president 
of the Utilities Management Corporation 
about 4 years ago. 


CHarLeES W. Parxuurst (A’01, F’13) 
consulting engineer, Berwind-White Coal 
Mining Company, Philadelphia, Pa., died 
September 30, 1934. He was born at 
Hammonton, N. J., July 5, 1870, and was a 
graduate of Lehigh University, class of 1893, 
receiving the degree of electrical engineer. 
He was first employed in the electrical 
department at Cramps Ship Yard, Phila- 
delphia, where he became assistant superin- 
tendent and had charge of the electrical 
installation on several ships. In 1897 he 
installed electrical equipment for a Pennsyl- 
vania Railroad ferry at New York, N. Y., 
and later that year designed some fittings for 
the slot conduit of the Metropolitan Street 
Railways Company of that city. Following 
short periods in the employ of the Union 
Iron Works, San Francisco, Calif., and the 
Siemens and Halske Electric Company, 
Chicago, Ill., as a designer of electrical 
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equipment he became electrical engineer 
and superintendent of the electrical depart- 
ment of the Cambria Steel Company, 
Johnstown, Pa., where he had charge of the 
engineering, installation, and operation of 
all electrical equipment. At this time he 
was also a consulting engineer for the 
Citizens Light, Heat, and Power Company 
of Johnstown and the Pennsylvania Iron 
Mining Company of Vulcan, Mich. Since 
1917 he had been consulting engineer for 
Berwind-White Company, and also for 6 
years for Perin and Marshall, New York. 
Mr. Parkhurst had been reappointed this 
year as a member of the Institute’s com- 
mittee on applications to mining work, on 
which he had served since 1931. He was a 
past-president of the Association of Iron 
and Steel Electrical Engineers, and a 
member of the American Electrochemical 
Society and Tau Beta Pi. 


GEORGE WASHINGTON ATKINSON (A’15, 
M’25) of Springfield, Mass., construction 
engineer, procurement division, public works 
branch, United States treasury department, 
died September 15, 1934. He was born at 
Morocco, Ind., March 19, 1883. In 1908 he 
received the degree of bachelor of science in 
electrical engineering from Purdue Univer- 
sity, and the degree of electrical engineering 
in 1911. From 1909 to 1917 he was em- 
ployed in the supervising architects office, 
treasury department, Washington, D. C., 
where he was concerned with mechanical 
and electrical equipment for federal build- 
ings. For 4 years following 1917 he was in 
charge of all electrical equipment at the 
Springfield Armory, and then became super- 
intendent of power and maintenance for the 
Gilbert and Barker Manufacturing Com- 
pany, Springfield, for 10 years. During the 
last 3 years as construction engineer he had 
charge of the construction of the postoffices 
at Palmer and Easthampton, Mass. Mr. 
Atkinson was at one time chairman of the 
Springfield Section of the Institute. 


JoHn Huca McManus (A’10) special 
utility representative, Johns-Manville Cor- 
poration, New York, N. Y., died October 7, 
1934. He was born at New York, June 8, 
1879. Froim 1897 to 1904 he was employed 
by the Westchester Lighting Company, 
Port Chester, N. Y., after which he studied 
at Ohio State University and Pratt Insti- 
tute. For 3 years following 1906 he was 
employed by the New York and New Jersey 
Telephone Company, Newark, N. J., and 
then entered the Johns-Manville organiza- 
tion as an electrical salesman. 


Gomer Louis Evans (M’21) vice presi- 
dent, Wagner Electric Company, St. Louis, 
Mo., died September 10, 1934. He was 
born at St. Louis, November, 26, 1885. 
Following his graduation from the electrical 
engineering course at Washington Univer- 
sity he entered the production division of 
the Wagner Electric Company, of which he 
subsequently became superintendent of 


production, assistant vice president, and 
vice president. 


Membership 


Recommended 
for Transfer 


The board of examiners, at its meeting held 
November 27, 1934, recommended the following 
members for transfer to the grade of membership 
indicated. Any objection to these transfers should 
be filed at once with the national secretary. 


To Grade of Fellow 


Campbell, Arthur B., chief engr., 
Clock Co., Thomaston, Conn. 
Coles, Edmund Pi mgt: Gen. Elec. Co., Charlotte, 

N. C. 


Seth Thomas 


2 to Grade of Fellow 


To Grade of Member 


Bass, L. B., sales engr., Gen. Elec. Co., 
City, Okla, 

Branson, Edward H., director of research labs., 
General Railway Signal Co., Rochester, N. Y. 

Brown, Nelson E., asst. supt. of operation, Buffalo 
Gen. Elec. Co, Buffalo, N. Y. 

Clark, Joseph, asst. engr., Brooklyn Edison Co., 
Brooklyn, NYS 

Edwards, Manley W., elec. engr., Municipal Lt. & 
Pwr. Dept., Pasadena, Calif. 

Foster, Clair V., proprietor and Mgr., North End 
Garage, Niagara Falls, N. Y. 

Gillespie, Leigh R., telephone engr., Rochester Tel. 
Corp., Rochester, N. Y. 

Gordon, Harry E., equipment engr., Rochester Tel. 
Corp., Rochester, N. Y. 

Harper, Richard G., sales engr., Westinghouse E. & 
M. Co., Buffalo, N. Y. 

Hazlett, H. ™M. , supt. of production, Porto Rico Ry. 
Lt. & Pwr. Co., Santurce, Porto Rico. 

Hopkins, Ralph A., "sales engr., Westinghouse E. & 
M. Co., Los Angeles, Calif. 

Hubbard, Horace S., designing engr., Gen. Elec. 
Co., Pittsfield, Mass. 

Hull, R. H., asst. prof. of elec. engg., 
Idaho, Moscow. 

Huntington, Ernest K., elec. engr., operating dept., 
Rochester Gas & Elec. Corp., Rochester, N. Y. 

Irland, George A., asso. prof. of elec. engg., Bucknell 
Univ., Lewisburg, Pa. 

Jones, Edward O., sales engr., Gen. Elec. Co., 
Buffalo, N. Y. 

Langner, Frederick W., asst. to chief engr., Socony- 
Vacuum Oil Co. Inc., Olean, N. Y. 

Macmillan, Campbell, research engr., 
Gen. Elec. Co., Schenectady, N. Y. 

Markowitz, Jesse, instructor, school of technology, 
College of the City of N. Y., New York. 

Morrison, George, sales engr. and director, Com- 
monwealth Elec. Corp., Welland, Ont. Canada. 

Nimmo, William F., asst. mgr., elec. dept., Virginia 
Elec. & Pwr. Co., Norfolk, Va. 

Oehler, John F., elec. engr., Bethlehem Steel Co., 
Lackawanna, INS Ye 

Oetinger, Herbert W., asst. to vice pres., Duke Pwr. 
Co., Charlotte, N.C. 

Phillips, Frank Di asst. designing engr., Gen. Elec. 
Co., Schenectady, N. Y. 

Plummer, Ernest W., asst. supt. of meters, Buffalo, 
Niagara & Eastern Pwr. Corp., Buffalo, N. Y. 

Reid, Charles R., asst. general supt., Shawinigan 
Water & Pwr. Co., Montreal, Que., Canada. 

Runciman, Arthur S., supt. of transmission lines, 


Oklahoma 


University of 


motor dept., 


Shawinigan Water & Pwr. Co., Montreal, 
Canada. 
Scott, Lee R., elec. engr., Rochester Gas & Elec. 


Corp., Rochester, N. Y 

Stewart, Douglas C., asst. elec. engr., Buffalo, 
Niagara & Eastern Pwr. Corp., Buffalo, N. Y. 

Van Olinda, Frederick, division engr., Brooklyn 
Edison Co, Inc., Brooklyn, N. Y. 

Vincent, Gilbert I., rate engr., Niagara Hudson Pwr. 
Corp., Syracuse, N. Y. 

Walker, John R., asso. elec. engr., U.S. Bureau of 
Reclamation, Denver, Colo. 

Zielinski, Henry H., resident pare AEG, German 
Gen. Elec. Co., "Schenectady, N 


33 to Grade of Member 


Applications 
for Election 


Applications have been received at headquarters 
from the following candidates for election to 
membership in the Institute. If the applicant has 
applied for direct admission to a grade higher than 
Associate, the grade follows immediately after 
the name. Any member objecting to the election 
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of any of these candidates should so inform the 
national secretary before Dec. 31, 1934, or Feb. 28, 
1935, if the applicant resides outside of the United 
States or Canada. 


Aiken, C. B. (Member), Bell Tel. Lab., N. Y. City. 

Ainsworth, V. A., Maritime Elec. Co. Ltd., Frede- 
ricton, N. B., Can. 

Be aderson, E. F., Portland Gen. Elec. Co., Portland, 


re. 

Audlin, L. J. (Member), Niagara Hudson Pwr. 
Corp., Syracuse, N. Y. 

Bedford, B. D., Gen. Elec. Co., Schenectady, N. Y. 

Blake, W. J., Jr., Virginia Pub. Serv. Co., 
Alexandria. 

Broverman, M., Gen. Elec. Co., Pittsfield, Mass. 

Brown, L. K. (Member), N. Y. State Elec. & Gas 
Corp., Lancaster, N. Y. 

Carpenter, J. W. (Member), Texas Pwr. & Lt. Co., 


Dallas. 

Clark, G. A. (Member), Consumers Pwr. Co., 
Jackson, Mich. 

Cone, W. S. (Member), 314 Montery Rd., S. 


Pasadena, Calif. 
Erosby C. L., Allis Chalmers Mfg. Co., Richmond, 
a 


David, K. I., Pacific Pwr. & Lt. Co., Portland, Ore. 

Davies, L. S., Provincial Mental Hospital, Esson- 
dale, B. C., Can. 

erstaa. A. M., Federal Pwr. Comm., Washington, 


EC. 
Elias, N. M., 333 Sixth Ave., N. Y. City. 
Endres, L. M., Natl. Park Service, engg. div., 
Washington, D. C. 
Fansler, B. I., Appalachian Elec. Co., 
Roanoke, Va. 
Farace, S. H., Phila. Elec. Co., Philadelphia, Pa. 
Fassett, F. C., 100 Seward Ave., Detroit, Mich. 
Bae welder, C. J., 22 Broadway Terrace, N. Y. 
ity. 
Fishwick, A., Illinois Bell Tel. Co., Chicago. 
Formhals, W. H., Lehigh Univ., Bethlehem, Pa. 
Friddle, C. G., Cleveland Elec. Illum. Co., Cleve- 
land, Ohio. 
Frost, H. C., Defiance Spark Plugs Inc., Toledo, O. 
Gibson, A. D. (Member), Buffalo Gen. Elec. Co., 
Buffalo, N. Y. 
Hardgrave, T. W., Gibbs & Hill, N. Y. City. 
Harris, C. F. (Member), Westinghouse Elec. & 
Mfg. Co., Rochester, N. Y. 
eoee vay: F. B., Okla. Gen. Elec. Co., Oklahoma 
ity. 
Hess, H. M., Wayne Univ., Detroit, Mich. 
Hogshead, C. C., Appalachian Elec. Pwr. Co., 
Roanoke, Va. 
Hrivnatz, H. G., Houston Lighting & Pwr. Co., 
Houston, Tex. 
Iber, A. K., Arma Engg. Co. Inc., Brooklyn, N. Y. 
Johnson, E. A., Southern New England Tel. Co., 
New Haven, Conn. 
Johnston, F. M., Houston Lt. & Pwr. Co., Houston, 
Texas. 
Jones, M. (Member), Hamilton Hydro System, 
Hamilton, Ont., Can. : 
Jordan, W., Westchester 
Vernon, N. Y. 
Jorgenson, L. M., Kansas State College, Man- 
hattan. " 
Kaspar, F. P. (Member), Okla. Gas & Elec. Co., 
Oklahoma City. 
Kemp, C. G. R. (Member), c/o E. M. Gilbert Engg. 
Corp., Reading, Pa. 
Kissel, J., Brooklyn Edison Co., Bklyn., N. Y. 
Kneisly, H. L., (Member) c/o E. M. Gilbert Engg. 
Corp., Reading, Pa. 
Sa R. J., Esterline-Angus Co., Indianapolis, 
n 


Larkin, G. A., La Crosse Rubber Mill Co., La 
Crosse, Wis. 

Lettine, A., 62 Berkley St., Valley Stream, N. Y. 

Lind, H. M., Pacific Pwr. & Lt. Co., Portland, Ore. 

London, J. B., Gen. Elec. Co., Charlotte, N. C. 

Magee, W. G. (Member), Tide Water Pwr. Co., 
Morehead City, N. C. 

May, M., 815 Victoria Bldg., St. Louis, Mo. 

Mayer, E. E. (Fellow), 10 East 40th St., N. Y. City. 

McGill, C. W., Edison Elec. Illum. Co. of Boston, 
Mass. 


Pwr. 


Lighting Co., Mt. 


Merwin, J., Southern New England Tel. Co., 
New Haven, Conn. 

Minichan, D. P., Appalachian Elec. Pwr. Co., 
Roanoke, Va. 

Moore, W. B., Potomac Elec. Pwr. Co., Wash- 
ington, D. C 


Moreland, H. D., Westinghouse X-Ray Co., 
Portland, Ore. 

Murphy, P. J., Dept. of Public Works, Essondale, 
BMC. Can: 

Pedersen, A. M., Hydro Elec. 
Niagara Falls, Ont., Can. 

Potts, J. C., Wright Aero Corp., Paterson, N. J. 

Randall, R., Gen. Elec. Co., Oklahoma City, Okla. 

Riebe, F. A., 804 S. E., 46th Ave., Portland, Ore. 

Ruggles, L. LaF. (Member), Automatic Elec. Co., 
Chicago, II. 

Sampson, C. C. (Member), Gulf Oil Corp., Hous- 


ton, Texas. 
Scott, J. A., Westinghouse Elec. & Mfg. Co., 
Rochester, N. Y. ¢ 
Silver, a T., Federal Pwr. Comm., Washington, 
DiC; 
pamonson, M. L., Okla. Gas & Elec. Co., Oklahoma 
ity 


Sinclair, L. B., Reading Co., Philadelphia, Pa. 
Staples, E. B., Holtzer Cabot Elec. Co., Roxbury, 


Mass, 
Streicher, W., 445 W. 153rd St., N. Y. City. 
Summers, H. J., City Hall, Torrance, Calif. 
Tabb, R. P. E., Westinghouse Elec. & Mfg. Co., 
E. Pittsburgh, Pa. 


Pwr. Comm., 
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Tedeschi, F., Westinghouse E. & M. Co. E. 
Pittsburgh, Pa, 

Webb, J. M., United Management & Engg. Co., 
Indianapolis, Ind. 

Winter, G. J., Westinghouse Elec. & Mfg. Co., 
Newark, N. J. 

Wirz, A., Buffalo Niagara & Eastern Pwr. Corp., 
Buffalo, N. Y. 

Wolferstan, S. H. P. (Member), Canadian Gen. 
Elec. Co. Ltd., Montreal, Que., Can. 


76 Domestic 


Foreign 

de Silva, S. R., Urban District Councils, Moratuwa, 
Ceylon. 

Krishnaswami, S., Madras Govt., Hydro Elec. 


Dept., Karur, South India. 

Robinson, D. M., Callender’s Cable & Constr. 
Co. Ltd., London W. 12, England. 

Sublet, F. J. A., Univ. of Melbourne, Victoria, 
Australia. 

Subramanian, A. V., Maharajaha College, Pudu- 
kotta, South India. 


5 Foreign 


Addresses 
Wanted 


A list of members whose mail has been returned 
by the postal authorities is given below, with the 
address as it now appears on the Institute record. 
Any member knowing of corrections to these 
addresses will kindly communicate them at once to 
the office of the secretary at 33 West 39th St., 
New York, N. Y. 


Adam, William C., 801 S. Lynn St., Champaign, 
1. 
Babloozian, Levon M., 776 N. Cass St., Milwaukee, 


is. 

Demeros, Andrew G., P. O. Box 787, East Pitts- 
burgh, Pa. 

Fracker, Henry E., Bell Tel. Labs., 463 West St., 
IN; Ye City. 

Gould, Albert S., 41 E. 42nd St., N. Y. City. 
Haaren: = Fred, 2065!/2 W. 30th St., Los Angeles, 
alif. 

Jordan, Henry, 7408A Christopher 
Montreal, Que., Can. 

Losoncy, William A., 14067 Cherrylawn Ave., 
Detroit, Mich. 

Lynn, Bary, H., 10 St. Paul Pl., New Rochelle, 
N 


Columbus, 


Macaulay, John H., Elec. Dept., B.B. & C. India 
Rwy., Dohad, India. 

Roisland, Kornelius, 356 W. 34th St., N. Y. City. 

Rose, Edwin L., Dept. of Elec. Engg., Mass. Inst. 
of Tech., Cambridge, Mass. 

Simpson, Sidney, Deputy Loco. Supt., Eastern 
Bengal R. R., Kanchrapara, Bengal, India. 
Strong, Ernest A., Radio Station CJRW, Fleming, 

Sask., Can. 
Stuntz, Hans, 106 Peck Ave., Newark, N. J. 
Turnquist, F. A., 4 Birch Road, Wellesley, Mass. 
Wagoner, K. S., 320 Wisconsin, Oak Park, IIl. 
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Engineering 


Literature 


New Books 
in the Societies Library 


Among the new books received at the 
Engineering Societies Library, New York, 
recently, are the following which have been 
selected because of their possible interest to 
the electrical engineer. Unless otherwise 
specified, books listed have been presented 
gratis by the publishers. The Institute 
assumes no responsibility for statements 
made in the following outlines, information 
for which is taken from the preface of the 
book in question. 


Der ELEKTRISCHE WIDERSTAND des 
MENSCHLICHEN KORPERS gegen TECH- 
NISCHEN GLEICH- und WECHSELSTROM. 
By H. Freiberger. Berlin, Julius Springer, 1934. 
146 p., illus., 10x6 in., paper, 9 rm. This report 
covers an extensive experimental investigation of 


the electrical resistance of the human body, carried 
out under the auspices of the Berlin generating sta- 
tion and various organizations of electricians. 
Careful measurements were made upon corpses 
and living beings, under conditions that reproduced 
those of the usual electrical accidents. In addition, 
previous work is reviewed, and the practical use of 
the conclusions is explained. 


FIVE PLACE TABLE of NATURAL TRIGO- 
NOMETRIC FUNCTIONS to HUNDREDTHS 
of a DEGREE. Compiled by Amelia De Lella. 
New York, John Wiley & Sons, 1934. 10x8 in., 
paper, $1.00. These tables give the sines, cosines, 
tangents, and cotangents for every hundredth of. a 
degree from 0 to 90. They are printed in facsimile 
typescript, clearly and legibly, upon a page of con- 
venient size. The values correspond to those given 
by Briggs. 


HEAT. By J. M. Cork. N. Y., John Wiley & 
Sons, 1933. 279 p., illus., 9x6 in., cloth, $3.00. 
This text aims to provide the advanced student with 
a survey of the field which includes recent develop- 
ments as well as the older classical treatment of the 
subject. The presentation is brief, but complete, 
and references to original papers enable the student 
to investigate particular subjects further. 


MECHANICAL VIBRATIONS. By J. _P. 
Den Hartog. N. . and Lond., McGraw-Hill 
Book Co., 1934. 390 p., illus., 9x6 in., cloth, $5.00. 
This book is intended for use as a college textbook 
and also aims to meet the needs of practicing engi- 
neers. The theory is presented in an understand- 
able form, and its practical applications to water 
wheels, steam turbines, automobiles, airplanes, 
Diesel engines, and electrical machinery are discussed 
in some detail. There is a select bibliography. 


MITTEILUNGEN aus den FORSCHUNGS- 
ANSTALTEN. Bd. 3, Hefte 3 and 4, July and 
August, 1934. p. 51-84, 85-110. Berlin, VDI- 
Verlag, illus., 12x8 in., paper, Heft 3, 3.80 rm.; 
Heft 4, 2.90 rm. These 2 numbers contain, as 
their chief contents, the report of an extensive ex- 
perimental study of the resistance of steel to corro- 
sion fatigue, and of methods of increasing this re- 
sistance by adding inhibitors to the corroding liquid. 
Other articles include one on a new electric railway 
car, another on the manufacture of an unusually 
heavy casting, and a third discussing the compara- 
tive merits of Strauss and Scherzer lift bridges. 


PHYSIKALISCHE EIGENSCHAFTEN und 
FEINBAU von NATUR- und KUNSTHARZEN. 
(Kolloidforschung in Einzeldarstellungen, Bd. 11.) 
By R. Houwink. Leipzig, Akademische Verlags- 
gesellschaft, 1934. 225 p., illus, 12 rm. The first 
part of this book gives the results of an extensive 
investigation carried out by the author of the elastic 
and plastic properties of the natural and synthetic 
resins. In the second part the data obtained are 
made the basis for a theory. of the structure of 
resins, which explains the relation between structure 
and mechanical properties. Finally, the relation 
between structure and optical and roentgenographic 
properties, and viscosity is studied. 


TEXTBOOK of APPLIED HYDRAULICS. 
By H. Addison. N. Y., John Wiley & Sons, 1934. 
409 p., illus., 9x6 in., cloth, $5.50. This textbook 
contains, in part 1, a compact summary of the fun- 
damental principles of hydraulics, and in part 2, a 
longer but equally condensed description of the 
practical application of these principles to engi- 
neering problems, turbines, pumping machinery, 
power transmission, etc. The book is of college 
grade, and especial attention has been given to the 
needs of readers whose work is not directly con- 
nected with hydraulics but who need to be familiar 
with hydraulic practice. 


Engineering Societies Library 
29 West 39th Street, New York, N. Y. 


AINTAINED as a public reference library 

of engineering and the allied sciences, this 
library is a cooperative activity of the national 
societies of civil, electrical, mechanical, and min- 
ing engineers. 


Resources of the library are available also 
to those unable to visit it in person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi- 
cient to cover the cost of the work required. 


A collection of modern technical books is 
available to any member residing in North Amer- 
ica at a rental rate of five cents per day per 
volume, plus transportation charges. 


Many other services are obtainable and an 
inquiry to the director of the library will bring 
information concerning them. 
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Dadlaerrial Notes 


General Cable Appointments.—George 
Sherry has been appointed general mer- 
chandise manager, and H. B. Tompkins 
general sales manager of the General Cable 
Corp. Mr. Tompkins was previously man- 
ager of supply sales, General Electric Sup- 
ply Corp. 


Holophane Co. Appointment.—A. D. Cam- 
eron has been elected vice president of the 
Holophane Co., Inc., 342 Madison Ave., 
New York. Mr. Cameron joined the organi- 
zation in 1931 as manager and his new 
duties will be in particular relation to sales. 
His headquarters are in New York. 


Okonite Executive Made President of 
NEMA.—Frank C. Jones, president of the 
Okonite Co., was elected president of the 
National Electrical Manufacturers Associa- 
tion at its last meeting. Mr. Jones became 
identified with the Okonite Co. immediately 
following discharge from military service 
after the World War, when he entered the 
factory of the company at Passaic. With 
his election as treasurer he was transferred 
to the New York office, subsequently being 
elected vice president and general manager. 
In 1932 Mr. Jones assumed the duties of 
president of the Okonite Co., when H. 
Durant Cheever, who had occupied that 
office, became chairman of the board. Mr. 
Jones has devoted considerable time to the 
activities of the National Electrical Manu- 
facturers Association, concentrating par- 
ticularly on its wire and cable work. He is 
chairman of the code advisory committee of 
NEMA and chairman of the supervisory 
agency for the wire and cable subdivision of 
the electrical manufacturing industry. He 
was formerly chairman of the wire and cable 
section and also of the paper cable group of 
NEMA. 


Allis-Chalmers Introduces New Motor.— 
The new “‘Seal-Clad”’ squirrel-cage motors 
introduced by Allis-Chalmers Manufactur- 
ing Co., Milwaukee, are of open-type con- 
struction, with permanent coil protection. 
Hard, smooth, Bakelite shields are sealed 
over the stator coils giving protection 
against metallic dust, grit, oil, moisture, 
mild acids and other agents injurious to in- 
sulation. They are built in ratings up to 25 
hp, 1800 rpm, and suited to a much broader 
range of application than the ordinary open 
motor. These motors have cast-steel 
frames, twistless and distortionless stators, 
silver-brazed, indestructible rotors, oil and 
dust-tight sleeve or anti-friction bearings. 


New Contactor Line.—Ward Leonard Elec- 
tric Co., Mount Vernon, N. Y., announces a 
line of a-c and d-c contactors that for several 
years have been used in their control assem- 
blies and are now available as separate units. 
They can be used as control contactors for 
motors, for disconnect purposes in conjunc- 
tion with suitable auxiliary switches, for 
electric ovens, various other electric control 
applications and for special control panels. 
High contact pressure with low operating 
and holding currents in the coil are among 
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the features claimed for these contactors. 
Additional normally open or normally 
closed auxiliary contacts can be furnished 
when required. 


New Weatherproof Safety Switches.—A 
new line of weatherproof, dust-tight type A 
safety switches in standard sizes from 30 
amperes to 600 amperes capacity has been 
announced by the Electric Controller & Mfg. 
Co., 2708 E. 79th St., Cleveland, O. These 
switches use the same switch mechanism 
that is furnished with the standard EC&M 
safety switch which is of type A construc- 
tion and should not be confused with the 
type C safety switches using lighter con- 
struction and without safety interlocks. 
Outstanding features of these safety switches 
are compactness, narrow width, light weight 
due to steel construction, semi-floating, 
double break V-blades, V-stationary con- 
tacts backed up. with steel springs which 
guarantee full contact under heavy pressure. 


Raytheon Acquires Charging Equipment 
Line.—The Raytheon Manufacturing Co., 
electrical equipment division, Waltham, 
Mass., announces the acquisition from the 
Square D Co., Deiroit, of the latter’s 
“RectiFilteR”’ business. RectiFilteRs are 
devices for changing alternating current to 
direct current, the conversion being effected 
with no moving parts. They consist of 
transformers, rectifying elements, choke 
coils, and condensers. In some cases meters, 
relays, switches, and other control equip- 
ment isincluded. RectiFilteRs are designed 
for operation from any a-c power circuit and 
by appropriate design of the transformers 
and rectifying elements can be made to de- 
liver direct current at almost any combina- 
tion of voltage and current. The Raytheon 
line includes standardized RectiFilteRs for 
broadcasting, theater, fire alarm, signal, 
telephone, and battery charging service. 
Among the various sizes are low voltage 
units rated at a few milliamperes to over 20 
amperes and others delivering as much as 
12,000 volts at 2 amperes. 


Marine Radio Telephone Equipment.—A 
new type of radio telephone equipment 


- which enables captains of fishing vessels, 


harbor craft and yachts to have telephone 
service at sea comparable with that on land 
is being shown for the first time at the 
Marine Exhibit, 80 Broad Street, New York. 
When within range of a coastal harbor tele- 
phone station providing this service, cap- 
tains are able by means of this equipment to 
talk to their offices, their homes and in fact 
to almost any destination as easily as though 
they were on land. They merely pick up a 
telephone, located for example in the pilot 
house, press a button on the instrument and 
say ‘‘Marine Operator.’ Promptly a voice 
replies with the familiar ‘“Number Please” 
and the call goes through as. do millions of 
land calls daily. When the ship itself is 
called, a selective device rings its bell but not 
that of any other ship. 

The equipment designed by Bell Tele- 
phone Laboratories for the Western Electric 


Co., consists of a telephone and a control 
unit, a cabinet which contains a 50-watt 
transmitter, a superheterodyne receiver, and 
a power unit. Crystal control keeps both 
transmitter and receiver on frequency at all 
times, eliminating tuning. One antenna 
serves for both sending and receiving. A 
bulletin on the new equipment has been 
published by the Western Electric Co., 195 
Broadway, New York. 


wade Literature 


Clip-On Ammeter. Bulletin, 4 pp. De- 
scribes the new Ferranti clip-on ammeter 
with a wide range of full scales and variety 
of frames, and with openings to take bus- 
bars up to 4!/, by 31/2 inches. Twenty- 
three of the more important features of the 
clip-on ammeter are emphasized. Ferranti 
Incorporated, 180 West 42nd St., New York. 


Relays.—Bulletin, 12 pp., ‘“Weston Relays.” 
Describes a comprehensive line of sensitive 
toggle, polarized, power and time delay re- 
lays. Weston Electrical Instrument Corp., 
Newark, N. J. 


Insulation Testing Equipment.—Bulletin 
934, 12 pp. Describes dielectric strength 
test sets with potential ranges of 200 to 
30,000 volts; insulation resistance meters 
and other instruments. Sound Engineering 
Corp., 416 N. Leavitt St., Chicago, Ill. 


Circuit Breakers.—Catalog 5, 14 pp. De- 
scribes a new line of air circuit breakers, type 
HD (heavy duty). Previous desirable fea- 
tures, such as high speed of opening, simple 
construction and magnetic blowout action 
have been retained in the new line. In addi- 
tion, the use of inverted brushes and secon- 
dary and carbon contacts is introduced in 
air breakers for the first time. The new 
breakers have exceptionally high interrupt- 
ing capacities. Roller-Smith Co., 233 Broad- 
way, New York. 


Relays.—Bulletin GEA-1997, 8 pp. De- 
scribes instantaneous overcurrent relays for 
a-c circuits, Types PHCand PYC. Bulletin 
GEA-2006, 4 pp—auzxiliary relays with mer- 
cury contacts for a-c and d-c circuits. Bulle- 
tin GEA-2009, 12 pp—directional ground re- 
lays for a-c circuits. Bulletin GEA-2012, 8 
pp—transfer relays for current transformer 
tripping. Bulletin GEA-2014, 16 pp—cur- 


rent balance relays for a-c circuits. General 
Electric Co., Schenectady, N. Y. 
Insulators.—Catalog No. 21. A compre- 


hensive volume describing a complete line of 
porcelain insulators. Among recent develop- 
ments noted in the new catalog are pintype 
insulators, now furnished with larger top 
and side grooves; a new one-piece insulator 
of exceptionally heavy proportions for use 
where breakage is frequently experienced 
due to shooting, etc. A new line of strain in- 
sulator fittings is also shown, as well as 3 
new lines of bushings; improved suspension 
insulators are also listed. Ohio Brass Co., 
Mansfield, O. 
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Pole Stubbing Clamps for Economy 


The set-up illustrated, using M. I. F. 
Wedged Band Type PA63-8 Stubbing 
Clamp set, was tested by attempting 
to tear pole away from stub. The test 
developed approx. 92,000 ft. Ibs. over- 
turning moment to break stub, cut 
from lower end of full-treated pine pole 
stubbed, at ground-line where diam. 
was 12”—stub being firmly keyed. 
Hardware showed no appreciable dis- |igg 
tortion when removed in presence of Bi 
group of Operating Engineers and cB 
Supts. viewing the tests. Ample 
strength assured for normal service fe 
requirements. ; 
All castings for each Stubbing Clamp 
set are wired together for shipping. 
Pole Bands (4) and Stub Bands (4) of 
proper length are bundled flat. Bands 
vary 6” in length for each 2” in diam. 
of pole or stub. 
Lighter type, PA63-4, uses same cast- 
ings and 4 heavier Bands, ends of 
which are lagged. Use should be 
limited to normal vertical loading or 
stresses along line tending to swing 
pole around on stub—while heavier 
type may be used universally at 
slightly higher cost. 
Sample set of either type will be sent 
for actual field installation by Supt. or 
Engineer faced with pole salvage. 
State effective ground-line diam. of pole and stub. 

Send for Catalog featuring also Pole Mounis, Cable Messenger Clamps, 

Tubular Pole Accessories, Crossarm Gains, Guying Specialties, etc. 


MALLEABLE IRON FITTINGS COMPANY 


Pole Hardware Dept. [| ,ryitcu’suia oitice || Branford, Connecticut 


New York Salss Office: Thirty Church Street 
Canadian Mig. Distributor: <i> 
LINE & CABLE ACCESSORIES, Ltd., Torento 


STATISCOPE 


For determining the status of 
Alternating Current Circuits 


“OS MINEO ALLA STAN IBLOPE 
“ 5 ’ 


Write for literature 


MINERALLAC FLECTRIC COMPANY 


25 North Peoria St., Chicago, III. 


New York City Office and 
Warehouse—381 Fourth Ave. 


bo 
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On This 1460-foot Span 


All guy wires and conductors are 
Copperweld, so dependable service is as- 
sured. Copperweld materials have been 
service-tested for nearly twenty years. 


COPPERWELD STEEL COMPANY 
GLASSPORT, PA. 


AMERICAN BRIDGE 


COMPANY 


Subsidiary of United States Steel Corporation 


Kingsport Utilities, Inc. 
Holston Substation, 
Kingsport, Tenn. 


FABRICATED STEEL structures 
BRIDGES — BUILDINGS 


BARGES - TURNTABLES - FURNACES - TOWERS 


General Office: Pittsburgh, Pa.— Offices In The Larger Cities 


PACIFIC COAST DISTRIBUTOR: lta 


EXPORT DISTRIBUTOR: 
COLUMBIA STEEL CO., SAN FRANCISCO yes ) U. S. STEEL PRODUCTS CO., NEW YORK 
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“WEATHER DOESN’T BOTHER 


RELIANCE U:'R:C: 


WEATHERPROOF WIRES AND CABLES” 


Ves—let'er storm. Any weather and any temperature is a made to order condition 
of service for Reliance U. R. C. Weatherproof Wires and Cables. Ask for 
samples now—see for yourself why these wires and cables make replacement due to 
exposure a thing of the past. ‘‘Reliance’’ Wires and Cables tully conform to U. R. C. 
specifications. Complete saturation with high melting point compound insures long 
life despite the ravages of exposure and overloading. Low temperature pliability 
is provided to meet any bend test or operating requirements. The copper is 
“right'’ and braids are of best quality. Processes and equipment are not ‘‘new”’ 
to us. Stocks and manufacturing facilities insure of ‘“Service’’ comparable to 


the quality of the product. 


[ Our specification folder will be mailed to you upon request. } 


1831 
AMERICAN STEEL & WIRE COMPANY 


208 South La Salle Street, Chicago SUBSIDIARY OF UNITED A4S STATES STEEL CORPORATION Empire State Building, New York 
94 Grove Street, Worcester AND ALL PRINCIPAL CITIES First National Bank Building, Baltimore 
Pacific Coast Distributors: Columbia Steel Company, Russ Bldg., San Francisco Export Distributors: United States Steel Products Company, New York 
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Science Series 


TO BE REPRINTED 


A Post-College Course in 
Contemporary Science 


> 


In response to a widespread demand, all the 
special articles of the science series published in 
ELECTRICAL ENGINEERING during the past 
year will be reprinted by the Institute in a sub- 
stantially bound 80-odd page booklet. This 
booklet will be almost as large as an ordinary 
issue of ELECTRICAL ENGINEERING and 
should be of particular value: 


Tothe practicing engineer—-Asan authoritative digest 
of important current developments in fields closely 
related to electrical engineering, prepared by some 
of the foremost recognized leaders in those fields; 


To the recent graduate—Asa practical means of assist- 
ance and stimulation in continuing an educational 
effort necessary to keep abreast of rapid develop- 
ments in scientific fields closely related to electrical 
engineering; 


To the advanced engineering student—Asa valuable 
and authentic insight into the facts and significance 
of some important scientific advances that will 
aes the electrical engineering applications of the 
uture. 


To the teacher—As a valuable source of material for: 


collateral reading for himself and for his advanced 
students. 


This booklet will be issued about Feb. i, 1935. 
Additional orders, particularly those for large 
quantities, should be entered by Jan. 7; stock 
will be limited. 


To Members and 
Enrolled Students 


$.60 per copy 


PRICES 
Single copies 


To Nonmembers 


$1.25 


Larger quantity 
prices 
upon application 


10 or more copies 


in one package ECOL y, 


100 or more .40 per copy 


ORDER BLANK 


Editorial Dept., A.I.E.E., 
33 West 39th St., New York, N. Y. 


Please enter my order for 
Reprints @ 


copies of the Science Series 
cents per copy. 
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Electrolytic Capacitors 


Tried, tested and proven in more than a 
million condenser-start motors. And 
Aerovox has supplied well over half that 
huge total. 


Aerovox pioneered the dry electrolytic 
condenser for capacitor motors. It was in 
the market with a thoroughly engineered 
product a full year or more before all 
others. That pioneering continues... in 


research, engineering development, pro- 
Today we offer you: 


duction facilities. 


Electrolytic cepacitors in all types, sizes, 
shapes...all standard capacities... all 
working voltages. 


© Aluminum construction throughout... 
no corrosion possible. 
© Hermetically sealed ...no absorption or 


evaporation... uniform conditions through- 
out life. 


© Special composition spacer... correct 
chemical and electrical functioning... 
surge-proof. . longest service life. 


Send for ENGINEERING DATA, on electrolytics and oil-filled 
industrial capacitors. Also sample copy of Research Worker, a 
monthly journal of practical information. Your special problems are 
welcomed. 


CORPORATION 
Brooklyn, N. Y. 


- fa CAPACITANCE 
a CELL 


| For Power-Factor 
| Measurements 
on Liquids 


The Type 683-A Capacitance 
Cell (illustrated) follows the 
design worked out by the 
NELA Committee. The 


metal structure is contained 


ee 


in a tight glass enclosure 


which may be evacuated. 


Liquid capacity 200 cc, elec- 


trical capacitance 7 pf. 


Type 683-A 
Capacitance Cell 


Price $150.00 


EAA WAAR AOA QIN 


ced 


Described in Bulletin EX-3409-A. 


GENERAL RADIO COMPANY 


CAMBRIDGE A MASSACHUSETTS 
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Showing the simplicity of 
the Ferranti Clip-On Am- 


meter in actual use. 


for this 


NEW 
BOOKLET 


as 
FERRANTI INCORPORATED 
130 W. 42nd St., New York 


Gentlemen: 


Kindly send me a copy of your booklet describing your NEW 
CLIP-ON AMMETER. 


CONTAINING FULL 
DETAILS OF THE TIME 


AND MONEY - SAVING 
FEATURES OF THIS 
NEW INSTRUMENT 


SAS: EE weds, Sade ene CRORE Gea Ae Pe eA Oe Me ee Ree 


Gompan yrs eats Sok tlie Xone caabowemteke coeeiel eth wtanorcgare asaya acre Oe 


TeNfa Ve So te ME ES Pe Res PAR pic ey TNE SEU ee te tans: 
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Pes and transportation facilities 
are taxed to the limit of capacity. 


Continuous service is essential. Brushes of proved reliability 
are needed to keep electrical equipment operating at full 


efficiency. 


INSURE CONTINUOUS SERVICE WITH 


NATIONAL CARBON 


They have proved their reliability on power, transit and 


industrial equipment. 


Our thoroughly trained representatives are always at your service. 


INC. 


NATIONAL CARBON COMPANY, 
Carbon Sales Division, Cleveland, Ohio 
Unit of Union Carbide [I] and Carbon Corporation 


Branch Sales Offices: Pittsburgh ° 


New York ° 


BRUSHES 


Chicago ° San Francisco 


NATIONAL 
CARBON 
BRUSHES 


meet exacting demands and 


keep the wheels of — 


industry turning 


Employment Balletin 


Pemaineerint Societies Pennlavatent Service 


MAINTAINED by the national societies of civil, 
mining, mechanical, and electrical engineers, in 
cooperation with other organizations. An inquiry to 
any of the three offices will bring full information con- 
cerning the services of this bureau. 


A weekly bulletin of engineering positions open is 
available to members of the cooperating societies at a 
subscription of $3 per quarter or $10 per annum, pay- 
able in advance. 

Replies to the following announcements should be 


addressed to the key numbers indicated and mailed to the 
New York office. 
e 


Men Available 


PRATT GRAD, I.E.E., ’28; pub util 5 yrs. 
Des, draftg, maintenance, testg and supervision 
tel and tel testg eqpt; 6 mos mfg transf, resistances. 
Excellent ref. Available immed. D-3476. 


E.E., G.E. test and engr, 3 yrs; responsible des 
engr large util 6 yrs; consulting engr one yr. Ex- 


per: elec transm, distr, condenser, hydro, Diesel. 
Specialty: switchgear and automatic control. D- 
3468. 


DISTR ENGR; 12 yrs central station exper. 
Location immaterial. C-3516. 


PRESIDENT OR GEN MANAGER, 36, now 
gen manager co oprtg rolling mill, largest producer 


certain small metal product in Am. Master’s 
deg E.E., M.E.; Doctor’s deg law. Unusual rec- 
ord present pos. C-1297. 


ELECTRICIAN OR CHIEF for indus plants 
or mining property, local or foreign. Over 10 yrs 
exper; tech grad; Gen Elec Co. shop, road. Also 
automotive marine steam turbine exper. Married, 
B-242. 


INDUS ENGR with B.S.E.E., Ga tech, 1924; 
married; 8 yrs with nationally known elec mfg co 
including 2 yrs exec exper, time study, mfg methods 


and estimates. D-1655. 
GRAD E.E., 1929. Thoroughly exper instru- 
ment mfr; also indus engg and radio tube lab 


exper. Desires work in any branch of elec indus- 
try, preterchly’ in N Y Area. Available immed. 
C-9533. 


M.E. AND E.E.; 25 yrs exper des and mgmt 
fractional hp motors, desires pos with motor or 
appliance mfr or teaching in a tech institution. 

96. 


E.E., B.S., 1934, salutatorian and president of 
senior class; 25, married. Desires any engg pos 
that offers exper and advancement. Salary and 
location secondary. D-3471. 


BROWN GRAD, 1934, E.E., B.S., Sigma Xi. 
Anxious to gain exper in engg field. Will grasp 


ideas quickly. Resourceful. Ref on request. 
Available on short notice. D-3458. 
B.E.E., Brooklyn Poly ’34, single, 21. Machine 


shop exper, good knowledge radio. 
engg work. 
vancement. 


Desires any 
Salary unimportant if chance for ad- 
NYC or within 200 miles. D-3443. 


E.E., B.S., 1934 grad Univ of Ill, 22, single. 
Desires opportunity to gain any practical engg 


exper. Hard worker. Study evenings. Location 
and salary immaterial. Excellent ref. Available 
immed. D-3462-—5090-Chicago. 

E.E., R.P.I., 1934; Sigma Xi; single, 22. De- 


sires radio engg pos. 
short wave eqpt. 
transmitter. 


_ Familiar with broadcast and 
Licensed to operate any radiotel 
Available immed. D-3469. 


E.E., B.S., Yale, 1934. Well schooled in higher 


math, Interested in consulting engg, radio, elec 
mfg. Willing to start at the bottom. Location 
immaterial. D-3400. 


E.E., B.S., Cooper Union, 1933, 24, single; exper 
in retail merchandising and sales; knowledge of 
bookkeeping and accountancy; desires pos with 
firm engaged in engg work. D-3451. 


B.E.E., 1933, single, 26. Neat, ambitious; 21/2 
yrs machine shop. Desires pos affording engg ex- 
per and advancement, preferably util or elec eqpt 
mfr. Now employed. D-3489. 


E.E., B.S., 1933, Univ of N H, 21, single. De- 
sires practical engg exper. First class draftsman 
and letterer. Interested in tel and radio. Good 
worker. Location immaterial. Salary secondary. 
Available immed. D-3491. 


E.E., B.S., 1931, Mich Col Mining and Tech, 
married, 25; Tau Beta Pi. Desires any engg work. 
Exper swhd wiring, Itg des, surveying, map draw- 
ing, draftg, govtinspec. Speaks Finnish. D-1650. 


UTIL ENGR, B.S. physics, 5 yrs test, research. 
Automatic tel exper; 10 yrs des, engg, large modern 
generating stations. Charge draftg room, engg 
office. Available Jan 1935, reasonable. D-3506. 


SALES ENGR OR EXEC, E.E., 18 yrs broad 
sales, market studies, research, devpmt, production 
exper consumer and particularly durable goods; 
good co-ordinator; aggressive, versatile; wide 
pe ualnteuessniP util, indus; available soon. D- 


CORNELL GRAD, 14 yrs sales exper as sales 
engr and exec. Familiar with oprn of machy of 
major industries and their lubrication. Last con- 
nection 12 yrs. Location desired, Metropolitan 
NY. D-3504. 


E.E., 38, G.E. test; 4 yrs pub util domestic, net- 
work gen distr exper; 7 yrs util foreign, transm, 


distr, network exper. Speaks Spanish. Desires 
pos pub util, States. D-3514. 


ENGINEERING SOCIETIES 
EMPLOYMENT SERVICE 


NEW YORK 
31 W. 39th St. 


SAN FRANCISCO 
57 Post St. 


CHICAGO 
211 W. Wacker Dr. 


a 
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BLACK & VEATCH 


Consulting Engineers 


Water, Steam and Electric Power Investiga- 
tions, Design, Supervision of Construction, 
Valuation and Tests 


Mutual Building KANSAS CITY, MO. 


BYLLESBY ENGINEERING AND 
MANAGEMENT CORPORATION 


Ce oyorned Subsidiary of 
Standard Gas and Electric Company 


231 South LaSalle Street 
CHICAGO 


eeofessional Enginecnne Dinectory 


For Consultants in Engineering and Allied Sciences 


FREYN ENGINEERING 
COMPANY 
Industrial Electric Power 
Generation—Application-—Purchase 
Combustion Engineering 
Electric Furnace Installations 
310 South Michigan Ave. CHICAGO 


JACKSON & MORELAND 


ENGINEERS 


Public Utilities—Industrials 
Railroad Electrification _ 
Design and Supervision—Valuations 
Economic and Operating Reports 


SARGENT & LUNDY 


Incorporated 


ENGINEERS 


20 NORTH WACKER DRIVE 
CHICAGO, ILLINOIS 


THE J. G. WHITE 
ENGINEERING CORPORATION 
Engineers—Constructors 


Oil Refineries and Pipe Lines, 
Steam and Water Power Plants, 
Transmission Systems, Hotels, Apartments, 
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New York Pittsburgh San Francisco BOSTON 


EDWARD E. CLEMENT 
Fellow A.I.E.E. 
Attorney and Expert 
in Patent Causes 


Soliciting, Consultation, Reports, 
pinions 


1509 Decatur St., N. W. 
WASHINGTON, D. C. 


SANDERSON & PORTER 


ENGINEERS 
for the 


FINANCING—REORGANIZATION— 
DESIGN—CONSTRUCTION 


of 
INDUSTRIALS and PUBLIC UTILITIES 
New York 


FRANK F. FOWLE & CO. 


Electrical and Mechanical 
Engineers 


221 No. LaSalle Street CHICAGO 


Chicago 


When you require technical advice 


To appear in the following 
issue, cards must be re- 
ceived not later than the 
20th day of the month. 


Offices and Industrial Buildings, Railroads 


NEW YORK 43 EXCHANGE PLACE NEW YORK 


HORACE L. WOODWARD 


Registered Attorney 
Patents—Copyrights — Trade-Marks 


Validity, Infringement and Preliminary 
Examinations. Interference Causes, 
Briefs in Infringement Causes. Diffi- 
cult Cases Prosecuted. Correspond- 
ence invited. 


303-A Victor Building Washington, D.C. 


J. G. WRAY & CO. 
Engineers 


Utilities and Industrial Properties 


Appraisals Construction Rate Surveys 
Plans Organizations Estimates 
Financial Investigations Management 


San Francisco 105 West Adams St., Chicago 


Or a solution to an engineering problem 


II. Bibliographies 

The Service Bureau of the Engineering Societies 
Library hasin its files more than 4,000 bibliographies 
on engineering subjects. Copies of any of these bib- 
liographies may be secured by paying a moderate 
copying charge. 

The period that these bibliographies cover and 
their completeness varies with the purpose for which 
they were prepared, the time when they were pre- 
pared, and other factors. Some are up to date, 
others trace a branch of engineering back to its be- 
ginning. However, all may be extended back or 
brought up to date if required. 


How the Engineering Societies Library May Serve You 


CONSULT THIS DIRECTORY 


“TE your problem is not covered by one of the bib- 
hographies in this file, the Service Bureau will gladly 
try to find the information you need, and if that can- 
not be done within the time available for free work it 
will advise you of the need for a search and of its 
probable cost. 

The Service Bureau serves the engineer who cannot visit 
the Library by searching for specific information on any 
phase of engineering, by preparing bibliographies, abstracts, 
photoprints, and translations, and by keeping a file of bib- 
liographies and translations. All services are rendered at 
cost. For further information write, wire or phone. 


The Engineering Societies Library 
29 West 39th St., New York 
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AMERICA ON THE WIRE) 


AMERICANS get more 
out of the telephone than any other 
people in the world. 

Partly it is because we still have 
the pioneer qualities. We are rest- 
less, inquisitive, ambitious, sociable, 
ingenious, enterprising. The tele- 
phone is adapted to us and we are 
adapted to the telephone. But an- 
other reason why the average Ameri- 
can uses the telephone more is that 
there are more telephones to use— 
more than thirteen million in the Bell 


System alone. And the service is 
better. 
There are few persons in this coun- 


try so isolated that the telephone can- 
not find them. Because everybody 
knows this, the telephone is kept busy 


and everybody gets more out of it. 


Your telephone grows in value the 


more you use it—the more you rely 


on it to help you through the day’s 


activities. 


BELL TELEPHONE SYSTEM 


DECEMBER 1934 


More than 57,000,000 conversations a 
day are held over the Bell System wires. 
It takes a telephone system of great 
size to render quick, reliable service 
to a great nation. 
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DIRECT-CURRENT 


MACHINERY 


R. G. Kioerrer, J. L. BRENNEMAN, 
AND R. M. KercHNER 


A new book, com- 
pletely up-to-date, 
covering the construc- 
tion, theory of oper- 
ation, and character- 
istics of direct-current 
motors and generators. 


This book will be useful both as a text and as 
a reference book, although primarily intended 
asatext. It is unusually clear. Among its 
interesting features are: new and simpler 
graphical solutions for the characteristics of 
direct-current machines; a chapter on the re- 
lations between the rating of machines, size, 
efficiency, speed, and cost; a chapter on the 
latest applications of direct-current machines; 
an extensive Appendix covering fundamentals 
of electric units, circuits, etc. 


To be published in November, Probable Price—$4.50 


CLASSIFIED 
ADVERTISEMENTS 


RATES: Fifty cents per line; minimum charge 
based on use of five lines; maximum space cannot 
exceed twenty lines. Copy is due the 15th of the 
month preceding publication date. 


FOR SALE 


One new General Electric engine type synchronous motor, 
type T.S. 6464-D, 300 hp, 138 rpm, unity power factor, 
4600-volt, 3-phase, 60-cycle, complete with General Elec- 
tric starter and 9-kw generator set driven by 15-hp motor; 
$3,000.00 f.o.b. warehouse, Detroit, Mich. Wallich Ice 
Machine Company, 517 E. Larned Street, Detroit, 
Michigan. 


WANTED: COPIES of the March (1934) issue of 


ELECTRICAL ENGINEERING. In mailing such 
copies, please address them to American Institute of Elec- 
trical Engineers, 33 West 39th St., New York, printing 
your name and address upon the enclosing wrapper. 
Twenty-five cents will be paid for each copy returned. 


ENGINEERS — INVENTORS — MANUFACTURERS 
We possess exceptional facilities for doing your experimen- 
tal work—models, dies, tools, instruments, light machinery 
—general manufacturing—inventions developed. Over 
30 years’ specialized service. Manufacturers’ & Inventors’ 
Electric Co., 228 West Broadway, New York. 
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THE NATION’S STRENGTH 
IS THE NATION’S HEALTH 


The greatest threat to the nation’s health is tuberculosis. 
It is the chief killer of men in industry between the ages 
of 15 and 45—20,000 men in this group alone die of it 
every year. No one is safe from the disease until every 
case has been found and placed under treatment. Help 
protect yourself and your family by using Christmas Seals 
on your holiday letters and packages. The funds they 
provide finance a program of prevention, discovery, and 
treatment of tuberculosis throughout the entire year. 


The NATIONAL, STATE and LOCAL TUBERCULOSIS ASSOCIATIONS 
of the UNITED STATES 


BUY CHRISTMAS SEALS 
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A.LE.K. STANDARDS 


(Figures in Parentheses Give Dates of Latest Editions. ] 


No. 1 General Principles Upon Which Temperature Limits 
Are Based in the Rating of Electrical Machinery 


(AOS Aaa, ete SARE ee eI tee A eee $0 . 20 
4 Measurement of Test Voltage in Dielectric Tests 
(G28) ee a eo SR EA ey, eee 30 
5 D-C Generators and Motors and D-C Commutator 
Machinespinn Generala/=25) sae en tenn 40 
7 Alternators, Synchronous Motors and fo a 
Machines in General (12-27)... 2 one ae 40 
*8 Synchronous Converters (3-25).. ee 40 
9 Induction Motors and Induction Machines (6- 27) 40 
10 D-Cand A-C Fractional Horse Power Motors (7- 25). 30 
<(ilevatllwayaliotorsi 25) master ne tree tee eee 30 
*12 Constant Current Transformers (1-34)............. 30 
13 Transformers, Induction Regulators and Reactors 
(GEE) Wee aitiak ete cae shake went tae Reet en Se .40 
<4 ee instrumentliranstormerss(G-25) pases ee ne 30 
eee : *15 Industrial Control Apparatus Cee Pa ee 40 
The Standards of the American Institute of S(6U Railway ContoiAppartas GO) ©. 1 kan eee 
Electrical Engineers now consists of forty- *17f Mathematical Symbols (2-28). . 30 
h c 1 ical ne *17g1 Letter Symbols for Electrical Oumntitics (1. 28)... 20 
three sections on electrical machinery andap- *17g2 Graphical Symbols for Electric Power and Wiring 
: ET 8 i eRe, tee Cee cee a, Ge eita ns Pathe, Ad .20 
[P aEnCnUn ee They are chiefly devoted to defin- *17g3 Graphical Symbols for Radio (1-34)............... 20 
ing terms, conditions, and limits which *17g5 Graphical Symbols for Electric Traction Including 
¢ : : : Ratlway, signalings (1-34) eer ae eee eee 40 
characterize behavior, with special reference *17g6 Graphical Symbols for Telephone and Telegraph Use 
to acceptance tests, and many of them are a Cee ne To ee eee o 
recognized officially as American Standards. 19 Oil Circuit Breakers (7-25)........0.. 000.00 e eee 30 
20m AiraCircuitebreakerss (0-00) nee eae ene 30 
: : : 22 Disconnecting and Horn Gap Switches (7-25)....... 30 
The Standards available are listed opposite, L6erAutomatic Stations (5-50) 9a eaeteee eee ene 30 
together with prices. A discount of 50% iS 27 Sen boo eue oe Equipment for Power am 
: ; and jeigits(1O230) Sern crea oe ee oes ere 
allowed to Institute members. Such dis- *30 Wires and Cables (9-32)... . ieee 2 
e : : : 33 Electrical Measuring neeruments (1- 27)... pete, ane 30 
pCa Snot applicable CIS See STON. he #3 6nestorage: batteries) (2-28) see ee een eee 20 
less ordered for other members. Numbers *38 Electric Arc Welding Apparatus (1-34)... eas 
: g *39 Electric Resistance Welding Apparatus (1- BAe teem 30 
of the Standards Sections should be given 241 sinsulatorsy(3330)i.e ascent a ee nee ee oe ane 30 
when ordering. *42 bo. for Electrical Equipment of Buildings 
D3) ae Neat ccc ayer oe E tee se CRA .20 
45 Recommended Practice for Electrical Installations on 
Shipboard’ (10330) ieee ee eer eee 1.50 
*46 Hard Drawn Aluminum Conductors (6-27)......... .20 
SECTIONS IN PREPARATION *60 Specifications for Tinned Soft or Annealed Copper 
‘ ‘ ; ‘ Wire. (See No. 61 for price.) 

Eight such sections are now available Jn *61 Specifications for Soft or Annealed Copper Wire. 
report form for purpose of criticism, and copies ‘ (Nos. 60 and 61 published as one pamphlet) (9-28). 30 
will be sent without charge upon request, with 63 Spar Rone ey is Saas RE ies for AO 
the exception of No. 2 and C50, for which : at: P Ra aoe 

69 Specifications for Cotton Covered Round Copper 
there is a non-member charge of $1. 00 and 50 Magnet Wire. (See No. 71 for price.) 
cents, Perea with usual 50% sear *70 Specifications for Silk (red Round Copper Magnet 
to members. ese sections are as follows: Wire. (See No. 71 for price.) 
*71 Specifications for Enameled Round Copper Magnet 
: ae Wire. (Nos. 0, 71 publish : 
(ug. 1932) Blt Deisions. $1.0 Ne ree ee 
Mercury Arc Rectifiers. *72 Specifications for Weatherproof Wires and Cables. 
Relays. (See No. 73 for price.) 
Lightning Arresters. *73 Specifications for Heat-Resisting Wires and Cables. 
Electrical Recarding Instruments. (Nos. 72 and 73 published as one pamphlet) (9-32). .20 
: ‘ ; 100 Recommendations for the Operation of Transformers 
Rotating Electrical Machinery. 50 cents (6-30) 10 
shes edie Teaneck iad RIERA SO aec acts cma Reet arcana one 
Test Code for Synchronous Machines. eel Cone OF ComplteSae occsoedenoonassenposas $12.80 
* Report on proposed American Standard. Wiéill eventually replace * Approved as American Standard. 


Standards Nos. 5,7, 8, 9 and 10. 
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A binder (illustrated above) for standards is ee ie stiff ELECTRICAL ENGINEERS 
covers are finished in a long wearing material, resembling leather, 
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Since the earliest days of generated elec- 
tricity there has been a constant search 
for the ideal dielectric. Many have been 
the attempts further to plug the leaks in 
electrical transmission with improved in- 
sulation. 


It remained for the United States Rub- 
ber Company to make a startling advance 


in dielectrics with its newest development 
—LAYTEX. 


It came about through an unceasing 
search into the technology of liquid latex 
—the virgin rubber before being coagu- 


lated or worked. 


Triple-creamed latex applied to electric 
wire in a continuous process of building 
up the insulation by repeated dips—offers 
the electrical industry a product of start- 


ling possibilities— 


It has electrical and physical characteristics 
never before achieved. Jt sets new stand- 
ards in dielectric strength—inductive ca- 
pacity — uniformity — centering — tensile 
strength —elongation— weight. 

We invite electrical manufacturers and 
engineers to ask for fuller technical infor- 
mation. While all the avenues of LAYTEX’S 
ultimate usefulness have not been fully ex- 
plored, sufficient progress has been made 
to warrant the serious attention of the 
electrical industry. 


Truly, here is a “new finger in the dyke.” 


nited States Rubber Company 


1790 BROADWAY US 


